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INTRODUCTION. 


CERTAIN anaemic and other haemopathies of fowls have been under my 
observation since February 1927, and their study has gradually revealed 
several features of general interest, for the recognition of the pathogenesis 
of these avian conditions may contribute to the elucidation of the origin of 
anaemias and leucocythaemias in man and animals. 
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In one particular stock of White Leghorns, the essential morbid lesion of 
the anaemic fowls is an abnormal proliferation of the red-blood-corpuscle 
forming cells in the bone-marrow, followed by the premature introduction of 
stem cells of the erythrocyte series into the circulation; a correspondingly 
intensified destruction of these abnormal cells in the liver and spleen, which 
organs eventually become considerably altered; the anaemia then results 
through interference with the production and entry of normal and resistant 
erythrocytes into the blood stream. 

This condition of haemocytoblastosis is originally induced by the massive 
infestation of the duodenum with a small cestode, Davainea proglottina, but 
the persistent and pathologically increased erythrocytopoiesis is caused by 
a specific proliferative microplasm!. 


I. ANAEMIA AND LEUCOCYTHAEMIA IN ANIMALS. 
(a) Haemopathies of domesticated animals. 


In many animals, more especially among the larger domesticated animals, 
deficiencies and alterations of the blood have been observed which are similar 
in type to the different anaemias recognised in man. 

These haemopathies have this in common: that their origin, etiology and 
pathology are still the subject of controversy, because no single and definite 
cause can be suggested for their development. 

Further, among Equidae, Bovidae and Ovidae, “infective” anaemias 
occur which cannot be identified with any blood disease in man; this not- 
withstanding their haematological resemblance to the known “‘symptomatic” 
anaemias, which follow or accompany many bacterial or protozoal infections, 
and certain helminthic infestations, both in man and animals. 

Horses, in particular, are subject to certain anaemic conditions, which 
presumably are due to the action of infective agents. Varieties of this equine 
infectious anaemia have been reported from many parts of the world; these 
diseases, spread as epizootics, are commonly accompanied by prolonged 
feverish symptoms and appear to be transmitted by insects. 

In man and the large domesticated animals, anaemic and leucocythaemic 
conditions are usually clinically distinct; in man it is certainly exceptional 
to meet those mixed types to which von Leube (1906) gave the name “leu- 
kanaemia.” In young children, however, a group of haemopathies exists to 
which the descriptive name has been given “anaemia pseudoleukaemica 
infantum”; in this group von Jaksh’s disease is perhaps the best known 
example. 

It is significant that such mixed morbid conditions should occur in infants, 
whose tissues react less selectively to various stimuli; for in small mammals 
and domestic fowls, one can observe pathological changes of the blood, blood- 


> 


1 In the text the word Microplasm has been used to designate those optically indistinguishable 
microbes whose intracellular multiplication produces the continuous proliferation of definite 
cell groups. See Bayon (1926), J. Trop. Med. 29, 34-7. 
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forming tissues and inner organs, which appear to present the salient features 
both of leucocythaemia and progressive anaemia. 

Since the various avian blood diseases do not appear to be always clearly 
distinguishable, previous observations on leucocythaemia and anaemia in 
fowls have been reviewed together in the following notes. 


(b) Previous descriptions of blood diseases in fowls. 


Anaemia occurring in fowls as a result of intensive ecto- and endo-parasitic 
infestation has been often observed; Zschokke (1884), Noeller (1919), Schlegel 
(1922), Reinhardt (1925), Kojucharoff (1925), Ackert and Herrick (1928). 
Different leucocythaemic conditions have been described in fowls by Caporini 
(1896), Moore (1897), Dawson (1899), Butterfield (1905), Koch and Rabino- 
witsch (1907), Kon (1907), Schermer (1907), Soshestrenski (1908), and Skiba 
(1908). Among these authors some do not differentiate these diseases from 
the temporary leucocytosis which accompanies many bacterial infections and 
others were unable to examine the circulating blood because the fowls were 
dead when obtained. 

The first account of distinct leucocythaemia in poultry was given by 
Warthin (1907) in the United States, as the result of observations made on 
six fowls. He found no evidence of an infective causal agent. A full descrip- 
tion is given of the morbid alterations in the blood and inner organs of a 
Buff Cochin Bantam hen, whose disease is diagnosed as “leukemic lympho- 
cytome (large celled lymphemia).” 

Ellermann and Bang (1908) in Denmark described a disease of domestic 
fowls, the distinctive feature of the ailment being a great increase in the 
leucocytes, together with a low erythrocyte count and correspondingly dimin- 
ished haemoglobin. No causative organism was detected or cultivated. The 
disease was communicated to healthy fowls by injections of blood or cellular 
suspensions of organ emulsions from affected birds. Ellermann and Bang 
suggested the name “leucosis” for this morbid condition. 

Ellermann (1921-23) found subsequently that a Berkefeld filtrate of liver, 
spleen, or kidney emulsions, will convey the disease on intravenous injection 
and that the virulence of the filtrate can be maintained through several 
passages in fowls, although on an average but one in five of the inoculated 
birds in each batch becomes affected. The disease could not be transmitted 
to other birds such as turkeys, geese, ducks, pigeons, or to other animals. 

Ellermann originally held that the various types of leucosis he met in 
different fowls injected with the same “virus,” were but stages in the gradual 
development of one and the same pathological process. Eventually (1923), 
as the result of prolonged investigations, he reached the conclusion that the 
injection of his fowl-leucosis “virus” into fowls may produce four distinct 
pathological conditions, different strains showing a predominance of one or 
the other type as follows: 

1. Myelotic leucosis or leucocythaemia, identical with the spontaneous 
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disease originally observed, characterised by an enormous increase of myelo- 
blasts in the circulating blood. 

2. Lymphatic leucosis, distinguished by a pathological increase of cells 
of the “lymphocytic” series. 

3. Erythroleucosis or intravascular lymphoid leucosis, haematologically 
a severe anaemia with a pathological regeneration of erythrogonial cells. 

4. Localised round-celled sarcomatosis, without any blood changes. This 
was an exceptional result. 

If these four distinct types of disease of fowls can be caused by the same 
infective agent, it is to be expected that the corresponding morbid conditions 
of the blood and blood-forming system may occur together in various atypical 
forms; but Ellermann (1923, p. 208) distinctly states that the type of the 
disease does not alter from its inception till the death of the bird. 

The possibility of inducing sarcoma in fowls by the injection of “leucosis- 
virus” recalls that, even in man, the distinction between leucocythaemia and 
tumour formation has presented difficulties, so that Bard (1888) wrote on 
“La leucocytémie considérée comme le cancer propre du sang.” Ever 
since the question has been assiduously discussed; eminent clinicians like 
Banti holding the view that leucocythaemic conditions were essentially onco- 
genic or tumour-like; whilst Naegeli (1923) pointed out distinctions in the 
course of leucocythaemia and cancer and held that the two diseases must 
differ in etiology. 

In the fowl the demarcation between tumour of the blood-forming organs 
and leucocythaemia has also caused difficulties; with the result that some 
authors describe fowls with “aleukaemic leucaemia,” meaning that certain 
chickens showed lesions in the inner organs identical to those found in leuco- 
cythaemia, but without any concurrent signs of the disease in the blood. 

An observation relating to this group is that of Pentimalli (1915), who, 
among a series of tumours in fowls, describes a myelocytoma in a hen, which 
had been successfully inoculated with the powder of a transplantable fowl- 
chondroma. This myelocytoma, which had extensively infiltrated the peri- 
toneum and liver, consisted of mononucleated cells with eosinophilic proto- 
plasmic granules; such cells are normally found in the marrow and in this 
instance foci were scattered in the bone-marrow. In the liver and other inner 
organs the massive aggregations of these myelocytes contained numerous 
mitotic figures, but the blood, when examined in sections, did not appear to 
contain an excess of such eosinophilic myelocytes. 

This description allows therefore the inference that, in the fowl as in 
man, the tumour-like proliferation of a marrow-cell is not necessarily followed 
by the invasion of the blood stream. 

Hirschfeld and Jacoby (1910), who had previously observed spontaneous 
leucocythaemia in a hen, obtained from Professor Ellermann a fowl, which 
had been twice injected, at seven months’ interval, with organ emulsions from 
“leucosis” hens. This fowl (which had developed definite leucocythaemia 
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within two months of last injection), was killed and emulsions from its liver, 
spleen and marrow were injected into eight fowls; of these, one developed 
leucocythaemia within a month and was killed, a virus-strain thus being 
obtained from which 49 inoculations were made, in five passages, with 22 
positive results. 

These experiments were complicated by the presence of tubercle in many 
of the birds; in one instance a concurrent carcinoma of the ovary was detected. 
Hirschfeld and Jacoby, however, carried out control experiments to ascertain 
the appearances of the blood in experimental tuberculosis and other bacterial 
infections, and also to test Schridde’s (1909) view, that leucocythaemia could 
be induced in hens by the intravenous injection of healthy organ emulsions. 

The numerous experiments of Burckhardt (1912) were performed in the 
attempt to confirm the erroneous assumption that leucocythaemia in fowls 
was caused by tuberculosis. The protocols of his experiments show that, 
though at times a remarkable leucocytosis can be produced in fowls by 
experimental tuberculosis infection, yet this condition is clearly distinguish- 
able from fowl-leucocythaemia, even apart from the findings of bacterioscopy. 

The haematology in generalised tuberculosis of the fowl will be referred 
to later, but it can now be stated that in this disease anaemia and leuco- 
cytosis are secondary phenomena, which result from the invasion of the bone- 
marrow by B. tuberculosis. The anaemic and leucocythaemic haemopathies 
of poultry, which have been reported from several countries, are instead pro- 
duced by primary lesions of the blood-forming organs. 

Schmeisser (1915) of Baltimore observed leucocythaemia in a fowl, whose 
organ emulsions reproduced the disease, which was then transmitted through 
five successive batches of fowls. Out of 105 fowls of the same breed, 22 de- 
veloped leucocythaemia about 5 or 6 weeks after injection and then died 
within 4 weeks. The birds developed a characteristic yellowish pink colour, 
though at times the comb was surprisingly red without jaundice. The haemo- 
globin dropped to 10-15 per cent. and the ratio of leucocytes to erythrocytes 
varied between 1 to 3 and | to 9. 

Magnusson (1915, p. 303), in Sweden, observed an outbreak of leucocy- 
thaemia in the poultry on a farm. He described the condition found at 
autopsy as one of extensive perivascular infiltration in all inner organs, with 
numerous aggregates of small round cells, similar to those present in increased 
numbers in the blood. The condition was transmitted by inoculation to 
two hens. 

Pickens (1917) described two forms of leucocythaemia in 22 fowls from 
different farms in New York State. The symptoms were pale comb and wattles, 
which might be icteric; low red blood cells count; diminution of haemoglobin; 
increase of leucocytes. 

Henschen (1917) describes the post-mortem lesions in a brown hen; the 
main pathological changes were detected in the marrow, spleen, kidney, liver, 
colon and glands of the neck, and consisted of perivascular accumulations of 
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mononuclear cells. The blood did not appear to be appreciably altered so that 
the disease was diagnosed “aleukaemic myelosis.” 

Kitt (1920) reviewed the literature of leucocythaemia in hens in the light 
of knowledge acquired from many necropsies at Munich; the several organs 
affected are figured and Kitt concludes that, though tuberculosis is frequently 
detected in the same poultry farms from which the leucocythaemic hens 
originate, yet the two diseases are definitely distinct. 

In the United Kingdom, Bedson and Knight (1924) observed anaemia in 
hens and concluded that this ailment was not identical with the condition 
described by Ellermann (1921 a) because in their series of hens, yellow pig- 
mentation of the comb, beak and wattles was a constant and striking feature, 
whilst Ellermann states that in the anaemic type of “intravascular leucosis” 
the comb may be “yellow-pale.” 

Bedson and Knight succeeded in transferring the disease to 3 out of 13 
fowls, by means of unfiltered blood and cellular suspensions; the experimental 
disease did not persist, since the three fowls which became yellow eventually 
recovered; efforts at further transmission failed. They gave particular atten- 
tion to the yellow pigment, which they considered xanthophyll and estimated 
the fatty matter in the serum of normal and diseased birds. 

McGowan (1926, 1928), who observed leucocythaemia and anaemia in 
fowls in Scotland, considers them morbid alterations allied to the tumours 
of the Rous type, but which may arise through a variety of causes, such as 
ovarian conditions, mechanical irritation of the peritoneum, including tape- 
worms and air-sac mites. He ascribed the different lesions, which might have 
multiple origins, to the action of a rigidly specific stimulin, which is not 
communicable in the special instance of leucocythaemia and anaemia of fowls. 
The different types of leucosis described by Ellermann (1923), McGowan con- 
siders so many stages of the same disease. 

Adler (1925), in Palestine, has described a fowl disease which appears to be 
a form of leucocythaemia akin to that observed by Macfie (1914, 1916) in West 
Africa. The condition was shown not to be spirochaetosis, which often induces 
the development of anaemia; indeed, Adler found that anaemia was not a con- 
stant feature; “chlamydozoic” bodies in the blood cells were easily observed. 

Reinhardt (1925), in his Text-book of Poultry Diseases (p. 134), mentions 
that he had found leucocythaemia in 46 hens among the 739 whose necropsy 
he had performed at Rostock during the years 1918-23; in addition the 
disease was discovered in two turkey-hens. 

Lund (1927), in a lecture on leucocythaemia in domesticated animals, 
mentions that on necropsy he had discovered “leukaemic lymphadenosis” 
in 28 and myelosis in 3 hens. In addition similar lymphocythaemic lesions 
were detected in 3 geese, 5 ducks and 2 pigeons. In all these birds a re- 
markable enlargement of the liver and spleen was present; at times the 
kidneys were increased in size; bone-marrow was deep red or greyish in colour 

and diffluent. Microscopically, hyperplasia of round-cell aggregates was 
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noticeable especially in the liver, spleen, kidneys and marrow. The changes 
in the blood consisted mainly in increase of large and small lymphoid cells. 
In four instances no alteration of the blood could be detected. 

Haupt (1928) examined a male canary whose liver and spleen were very 
much enlarged; it was seen that the hepatic cells had been replaced and 
pushed asunder by lymphocytes and lymphoblasts; the spleen showed diffuse 
hypertrophy of all elements. Lymphocytic cell-infiltration was found in all 
organs, muscles and serous membranes. The blood, examined after death, 
revealed a proportion of leucocytes to erythrocytes as 18 to 1. The disease 
was diagnosed as lymphatic leucocythaemia. He mentions that in 1696 necrop- 
sies of fowls in Berlin he detected 83 hens and one pigeon with leucocythaemia. 

De Kock (1928) refers to a fowl with lymphatic leucocythaemia and 
another with anaemia, similar to erythromyelosis, both in South Africa. 


(c) Views on the similarity of the avian haemopathies to those in man. 


The authors of papers on diseases of the blood in fowls usually compare 
these conditions with human leucocythaemia, the clinical features and 
pathology of which were originally described by Craigie and Bennet in 1845. 

Warthin (1907), referring to fowl-leucocythaemia, stated: 

The wide-spread occurrence of these affections may be taken as throwing some light 
upon the nature of the leukaemia process. In this process it resembles the malignant 
tumours, these also showing a wide distribution throughout the lower animals. Such a 
wide distribution speaks against the existence of any specific parasite. 


Hirschfeld and Jacoby’s (1910) view is: 

...dass die...von uns studierte Hiihnerkrankheit histologisch vollstiindig mit der mensch- 
lichen Leukimie iibereinstimmt, diirfte nach dieser Beschreibung und den Abbildungen, 
wohl kein Zweifel mehr sein. 


Pickens (1917) considers that: 


Leukemia and pseudoleukemia in the common fowl are closely allied to those diseases 
in the species homo. 


Ward and Gallagher, in their book Diseases of Domesticated Birds (1920, 
p. 146), report: 

There are three principal theories as to the etiology of the disease in man which are 
reflected by various writers in the interpretation of lesions in the fowl: 

1. The lesions of leukaemia are a simple hyperplasia. 

2. Leukaemia is a neoplasm (see lymphoma). 

3. Leukaemia is the result of the multiplication of an infective agent. 

Ellermann (1922) believes that: 

Even the greatest sceptic will hardly be able to deny that the leucosis of fowls, viewed 
more broadly as well as in detail, strikingly recalls the leucosis in man (p. 96). Therefore 
I find it most natural for the present to reckon with a specific virus as the cause of the 
leucosis in man, etc. (p. 99). 


Lund (1927) remarks: 
Somit stimmen tatsichlich die histologischen Organ- und Blutverinderungen der Hihner- 
leukimie im weitgehenden Masse mit der Leukimie des Menschen iiberein. 
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Opie (1928), in a review of the experimental study of leucocythaemia, 
concludes: 

Diseases occur in fowls which resemble closely human leucemias. The changes in the 
blood and in internal organs are similar, though not identical, differences being explainable 
by the wide differences between the two types of animal. 

These are the published observations on these primary blood diseases in 
fowls, and they agree in showing that these various Jeucocythaemic ailments 
of fowls may spread and accumulate like an infective disease and yet present 
several pathological features comparable to those observable in haemopathies 
of man. 

It must be admitted that divergent views are held; as an example Piney 
(1928, p. 70) may be quoted: 

The importance and interest of the investigations of the peculiar leucotic disease of 
fowls cannot be denied; but the question of its relationship to human leukaemia is quite 
unsettled; and, for the present, it is well to regard them as being distinct diseases. 


II. SYMPTOMS AND SIGNS OF SPONTANEOUS ANAEMIA IN FOWLS. 
(a) External features of the disease in White Leghorn hens. 


Previous authors who investigated these types of disease among fowls 
usually obtained them in small numbers from different localities; therefore 
the morbid lesions were subject to unavoidable variations. It is to be expected 
that if these results could be compared with observations made on a larger 
series of chickens of one breed, from one farm, several obscurities might be 
elucidated. 

The occasion for such a study presented itself early in 1927, when, through 
the kind interest of Mr Will Hooley of St Mary Cray, I was put in touch 
with a newly built poultry farm, where the outbreak of a deadly disease, 
accompanied by jaundice, had been noticed among the White Leghorn hens. 

On microscopical examination the condition was found to be a blood 
alteration of the “anaemic” type. For the purpose of study, batches of hens 
(30 in all) with advanced symptoms were removed from this farm and kept 
at the Field Laboratories, Cambridge. As a control, eight young cockerels 
and four pullets of the same stock, all apparently healthy, were kept under 
prolonged observation at the Field Laboratories. 

At the poultry farm, the outbreak of the disease was first noticed because 
the fowls appeared jaundiced, their combs and wattles turning peculiarly 
pale and yellow. The mortality was very high, scarcely any birds recovering 
once the disease was well developed. 

These “jaundiced” fowls belonged all to one stock, were all hens (no 
cockerels), 12-18 months old; several separate pens were affected, but only 
White Leghorns developed the symptoms, Rhode-Island-Reds and Silkies on 
the same farm escaping infection. At first, in 1926, single fowls developed 
this condition, but in June, 1927, jaundiced birds became more numerous, as 
many as 25 young hens out of a stock of 1000 presenting the same yellow and 
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emaciated appearance. The prevalence of this condition then continued at 
approximately the same rate, till about 7 to 10 per cent. of the birds had 
developed this yellow tinge. Seasonal incidence, if any, appeared to coincide 
with the egg-laying period, whilst Ellermann (1922) found a slight increase 
during the first four months of the year. 

The origin of the infection was obscure, and it has been noted that only 
hens were affected. The only fowls from outside sources which came into 
contact with the affected birds were some imported cockerels, which, how- 
ever, do not appear to have been evidently ill. 

At the Field Laboratories it was noticed that the combs and wattles of 
diseased fowls were strikingly pale with a lemon-coloured tinge; the beak, 
iris-ring and scales of the feet were a deeper yellow than usual; in some 
instances even the white plumage took a slight yellow shade. 

The comb and skin felt cold and lifeless to the touch and peculiarly soft 
and smooth. The fowls did not thrive, but their appetite showed no signs of 
falling off. The body temperature was normal or slightly subnormal. 

The blood was watery, pale, did not clot easily, the clot being very friable 
and soft and having a gelatinous, translucent appearance. The erythrocytes 
were found to be considerably reduced in numbers, one million or less per cm. 
instead of three millions as normally. 

Haemoglobin, measured by Sahli’s apparatus, was found to have sunk to 
6-10° as compared to 50-60° in healthy fowls. The heart-beat rate was 180 
as against the normal 140. 

For the purpose of obtaining a workable Hb index, the standard number 
of erythrocytes in the fowl was considered to be 3,000,000 and the Hb to 
average 60° on the Sahli scale. This gave an index = 1, corresponding to 
5,000,000 erythrocytes and 100° Hb in man. 

Fowls suffering from erythromyelosis were then found to have a low 
Hb index equal to a quotient under one. An example would be fowl 
N.N.1 which, with only 526,000 erythrocytes, showed 6° Hb, an index of 
barely 0-6. 

It is well known that in human progressive anaemia, the Hb index is 
usually ahove unity. This is a feature which distinguishes this fowl-anaemia 
from the human disease, to which otherwise it presents much similarity. 

The striking yellow appearance of these diseased White Leghorns has 
been already repeatedly described, but eventually it was discovered that this 
excess of yellow pigment was a frequent, but not constant, feature of anaemia 
in hens. The poultry-farmer evidently picked out the “jaundiced” birds of 
his stock; but when fowls with pale combs from the same stock were asked 
for, hens were obtained whose blood picture was indistinguishable, except in 
intensity, from that of a highly pigmented anaemic fowl. 

All anaemic fowls were evidently undersized and the majority were 
emaciated, though a few towards the end became oedematous and swollén, 
their muscles being flabby and soggy. 
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The birds were all obtained when the symptoms were quite evident, but 
when observed under laboratory conditions the course of the disease was 
variable. A few fowls died within a week after arrival, but the majority lived 
one or two months. Some apparently recovered the normal colour of their 
combs and then died of intercurrent ailments. 

In acute cases, death took place after a short period of prostration, the 
birds showing ruffled feathers; death occurred suddenly, for, except towards 
the end, the fowls merely appeared less lively than usual. 


(b) Normal and morbid haematology of the fowl. 


It is being increasingly recognised that diseases of the blood are frequently 
due to lesions in the blood-forming organs, of which the marrow is the most 
important in adult life. 

The morbid alterations and processes in this disease of fowl can be ex- 
plained more clearly, if due notice is taken of recently acquired knowledge 
in relation to avian haemocytopoiesis, a subject studied by Doan, Cunningham 
and Sabin (1925), Cunningham, Sabin and Doan (1926) and Sabin (1928). 
Their researches show that, in birds, the marrow produces three strains of 
blood-cells—erythrocytes, granulocytes and megacaryocytes; the latter de- 
velop into platelets or thrombocytes. The lymphocytes arise normally in the 
lymph-glands and lymph capillaries, in the marrow and elsewhere. 

The first step in erythrocytogenesis consists in turgescence of the endo- 
thelium of intersinusoidal capillaries, followed by mitosis, the equator of the 
spindle lying parallel to the wall of the vessel. The dividing cells become 
megaloblasts, whose cytoplasm contains no haemoglobin and stains with any 
basic dye. Further multiplication gives rise to “early” erythroblasts, which 
show traces of haemoglobin; the vessel necessarily dilates to accommodate 
this multiplication of contents, whilst the megaloblasts retain their original 
position against the endothelial wails and partake in its increase. Further 
development gives rise to “late” erythroblasts, which are fully haemoglo- 
binised and form clusters which at a certain moment separate and join the 
circulation. How these mature cells enter the blood stream has not been 
detected, but Sabin (1928, p. 204) suggests that at a certain moment plasma 
filters into the sinusoids, separates the clusters and then sweeps the erythro- 
cytes into the circulation through a capillary. 

As to the leucocytes or granulocytes, Sabin (1928, p. 207) states that, in 
the pigeon, they arise in the marrow reticulum, outside the blood vessels, and 
then join the circulation through the walls of the marrow capillaries, as a 
result of their own activity. 

The extra-medullary formation of erythrocytes and granulocytes is quite 
evident in the chick-embryo, being especially active in the spleen and liver. 
In the adult fowl it is not noticeable, except under abnormal conditions, 
though Mjassojedoff (1925) concludes that in fowls, only erythrocytes and 
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thrombocytes arise exclusively in the marrow, whilst all other blood cells 
can be produced in areas of loose connective tissue. 

Concurrently with the continuous production of elements of the blood, a 
steady destruction of senescent blood corpuscles takes place in all vertebrates. 
Much of the experimental work connected with this physiological haemocyto- 
lysis has been done upon birds (Rous, 1923, p. 80) and there appears to be 
a certain degree of agreement that, apart from the fragmentation and haemo- 
lysis taking place in the blood stream, discrete haemocytophagia in the liver 
and the spleen is a physiological process in fowls. 

The fragmented erythrocytes are taken up by endothelial cells both in 
the blood and the haemolyto-poietic organs, especially the spleen (Sacks, 
1926, p. 532), and this “graveyard function” of the spleen can be considerably 
increased under active pathological conditions (Krumbhaar, 1926, p. 190). 


(c) Differential blood-counts in fowl anaemia; their interpretation. 


In the healthy fowl the total of white blood cells per c.mm. may vary be- 
tween the limits of 15,000 to 25,000; these figures are obtained by counting 
erythrocytes and leucocytes in the same graduated chamber in a 1 to 200 
Toison’s fluid dilution; this according to a slight modification of Gohs’ (1928) 
method, with those totals these figures agree. Confirmation is obtained by 
examining dry films where one leucocyte or lymphocyte is seen to every 
125-150 cells counted. 

In different morbid conditions of the blood-forming tissues of fowls, this 
proportion is disturbed, owing to the erythrocyte numbers diminishing and 
the numbers of the leucocyte-like cells increasing; proportions of 1 to 50 or 
even less may then be observed corresponding to a total number of leucocytes 
of at least 100,000 per c.mm. 

The enumeration of “white blood cells” in all fowl haemopathies is subject 
to an unavoidable inaccuracy; many cells are not clearly distinguishable from 
lymphocytes, especially if examined singly. It is only after careful com- 
parative examination, that the cellular elements of the bone-marrow or other 
blood-forming organs, which have prematurely and pathologically invaded 
the blood stream, can be recognised. 

If this source of error is not guarded against, when comparing the average 
proportional numbers of white blood cells of healthy fowls with those 
occurring in fowl-anaemia, results will be obtained similar to these: 


Healthy fowl Anaemic fowl 

percentages. percentages. 
Lymphocytes (Large) 12 (Large) 70 
(Small) 52 (Small) 13 
Polynuclears (pseudo-eosinophiles) 30 15 
Eosinophiles 4 2 
Basophile polymorph 2 o 


* 1 to every 200 cells. 
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These percentage figures do not demonstrate the essential pathological 
change which has taken place in the proportions of blood cells of these fowls. 
A differential examination, which takes into account actual numbers, will 
show that the normal lymphocytes and leucocytes are not appreciably in- 
creased in numbers. Only one class of abnormal and immature erythrocytes, 
corresponding to erythroblasts in various stages of development, has invaded 
the blood stream in increased numbers, thus effacing the others; and these 
invaders are often not easily distinguished from lymphocytes. 

For the purpose of enumeration the immature erythrocytes have to be 
grouped together; but it is feasible to classify them according to the following 
degrees of development. 

1. #rythroblasts. Round cells with a dark staining protoplasm and a dark 
round nucleus. Size of cell about 15, of nucleus about 124. At this stage 
the nucleus may divide mitotically, but fragmentation can occur which 
simulates amitotic division. 

2. Normoblasts. Slightly oval cells, 14 to 161, with protoplasm paler than 
the former stage and an oval nucleus, about 10 by 12, showing a definite 
structure. At this stage only amitotic division occurs. 

3. Immature erythrocytes. Differing from ordinary erythrocytes because 
the protoplasm lacks haemoglobin and so stains a light blue; oval, about 
9 by 12 (mature erythrocytes 7-5 by 12). Some of them show a peculiar 
notching of one end of the nucleus, which may be followed by partial longi- 
tudinal splitting. Transverse fragmentation of the nucleus has also been 
observed. 

In suitable blood-films these immature erythrocytes can be detected in all 
stages of development, which is evinced by a gradual change of morphology 
from round to oval and the successive alteration of the protoplasm staining- 
reaction from blue to red, as an index of haemoglobin incorporation or pro- 
duction. 

Another phenomenon which at times has been detected consists in gradual 
extrusion of the nucleus; the protoplasm remains as a slightly oval blood 
corpuscle, which may or may not show the irregular and torn site of extrusion. 

Corresponding to the poikilocytes, which are such an outstanding feature 
of the blood in human anaemia, numerous pear-shaped or extremely elongated 
erythrocytes, with or without a nucleus, can be recognised. The appearance of 
the leucocytes is usually unaltered and this seems to be evidence in favour 
of a polyphyletic development of these cells in the fowl. 

The thrombocytes are usually degenerated and vacuolated, more so than 
those seen in the films from healthy fowls. They are however not increased 
in numbers nor do the distorted or bizarre forms occur, which might be ex- 
pected if the clasmatocytes took part in the proliferative process. 

These different classes of pathological erythrocytes having been dis- 
tinguished, the average result of many counts can be given in absolute numbers, 
which present a clear figure of the pathological alteration in cellular content 
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of the blood; for if the absolute number of 100,000 white blood cells per 
c.mm. in a diseased and 20,000 leucocytes in a healthy fowl is compared, the 
predominance of one type of abnormal erythrocyte becomes very evident. 


Healthy fowl=about 20,000 Erythromyelosis = 100,000 


Immature erythrocytes A few 76,000 
Lymphocytes 8-12,000 12,000 
Polynuclears 6-8,000 10,000 
Monocytes 2,500 1,500 
Undefined 600 500 


The decrease in the number of monocytes is noticeable, to a greater or 
lesser extent, when the anaemic symptoms in the fowl have reached a certain 
degree of intensity. This diminution of monocytes is probably due to inter- 
ference with the functions of the spleen and is moreover a further diagnostic 
difference in respect to avian tuberculosis, where the monocytes are usually 
definitely increased (see p. 362). 

This and other distinctions help to classify the disease as one affecting in 
the first instance the production of erythrocytes in the bone-marrow and 
justifies the name “erythromyelosis.” 


(d) Morbid anatomy and microscopy of the tissues. 


It has been mentioned that most of the hens dying with severe erythro- 
myelosis appear undersized and emaciated, their combs and wattles being 
pale lemon coloured. 

The muscles are flabby and wax-like on section. The brain and cord are 
anaemic. Special attention was given to the microscopic appearance of the 
central nervous system, in view of the alterations found in pernicious anaemia 
of man, but, except certain discrete congregations of cells round some arterioles 
and dilated lymphatic spaces, no morbid changes were detected. The thymus- 
glands (situated at both sides of the neck) are as a rule easily discovered, 
since they are considerably enlarged and pale pink. Microscopically, they show 
proliferation of the endothelium and at times an active increase of lymphoid 
tissue, with mitotic figures. Thyroid slightly enlarged, pale pink; constant 
moderate colloid increase. Parathyroids unaltered. Lungs pale, anaemic; viewed 
microscopically, the blood vessels are found to contain fibrinous clot, and, in 
parts, small congregations of perivascular lymphoid cells. Heart very flaccid, 
usually dilated; petechiae of epicardium common; right ventricle and auricles 
filled with pale yellow clot; pericardial fluid increased; small white cellular 
deposits at cardiac apex. The heart-muscle fibres are attacked by a degenera- 
tive process, consisting in fragmentation of the fibres, central necrotic changes 
in the bundles, which fall into minute fibrils; the fibre and perimysial nuclei 
stain faintly ; perivascular congregations of lymphoid cells are increased in size 
and numbers. Abdominal cavity may show an excess of yellow, soft, flabby 
fat; peritoneum always smooth, moist, pale and translucent, with a slight 
increase of straw coloured, clear, free fluid. 
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Liver usually mahogany coloured; general shape preserved; surface 
smooth and uniform; consistency soft, easily torn; on section oozes clear 
yellow fluid. Either normal (40-45 grm.) or subnormal in weight and size; 
or yellow, spongy and friable and enlarged, weighing up to 85grm. At 
times, but rarely, surface and section are studded with soft, discrete, greyish, 
pinhead-sized spots. Under the microscope the lesions are seen to be the 
result of different degrees of endothelial erythrophagia, which, in this disease, 
takes place in the liver to a remarkable extent. In early stages congestion 
and dilation of the liver capillaries are noticeable, together with an increase 
in the yellow pigment in the walls or immediate vicinity of the somewhat 
hypertrophied capillary endothelium; this pigment appears in small clumps 
in which, in some instances, a faint cellular outline can still be made 
out. The liver cells are slightly altered by a process akin to cloudy swelling, 
for they stain faintly, are enlarged and the protoplasm is blurred in out- 
line. As the process progresses the pigmented clumps increase in size and 
frequency and are taken up by the perivascular lymphatic aggregates, which 
then react by slight hypertrophy; the liver cells begin to show vacuolation 
and fatty infiltration; the capillaries dilate further and push the strings of 
hepatic cells asunder. Blood vessels either contain a colourless plasma, with 
a coating of immature erythrocytes near the inner endothelial wall, or are 
filled with erythrocytes, which, when stained in bulk, do not reveal the 
outstanding predominance of pathological red-blood corpuscles seen in films 
from the circulating blood. A later stage of the morbid changes in the liver 
consists in further degeneration of hepatic cells, which disintegrate and are 
replaced by round-celled infiltration and eventually connective tissue, thus 
resulting in liver cirrhosis. At this stage the structure is scarcely recognisable; 
in parts hepatic cells are replaced by hyaline connective tissue containing 
scattered fine granules of golden or brownish pigment in addition to numerous 
scattered clumps. The lymphatic cellular aggregates are enlarged, but do not 
predominate as they do in lymphocythaemia. 

The spleen may be either atrophied to half size and pale, weighing but 
0-5 grm., or enlarged and spotted, weighing up to 15 grm. (as against 1-1-5 grm. 
normal); in all cases its globular shape is preserved, whereas in tubercular 
disease an irregular increase in size occurs. Also in the spleen microscopical 
appearances suggest intense erythrophagia. Early stages are recognised by 
the increase in size of the malpighian bodies or germinal centres, in the 
middle of which a dilated capillary is found. Soon an increase in pigment 
makes its appearance together with numerous dark-staining round cells. 
Later haemorrhagic effusions take place, the endothelium of capillaries and 
sinuses is seen to proliferate, with the eventual result that the structure of 
the spleen is no longer recognisable, but replaced by a loose mesh of con- 
nective tissue, with numerous lymphoid cells and areas of hypertrophic 
capillary endothelium. The clumped deposits of pigment are evident in all 
advanced stages and the entry of cells of the erythrocyte series into the 
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endothelium can be frequently observed. At times scattered areas of hyaline 
degeneration are noticeable. 

Apart from the definite bacterioscopic differences, the lesions of the 
parenchyma of the liver and spleen in erythromyelosis are clearly distin- 
guishable macroscopically, and still more microscopically, from the irregular 
sized and distributed, yellowish caseating tubercles. 

Kidneys usually pale; when honeycombed with greyish nodules (rare) they 
are enlarged. Microscopically: exceptionally few interstitial congregations 
of round cells in the cortex; more often scarcely any alteration. Ovaries 
showing no evident changes, except that they are not active; no yolks are 
found in oviduct. Pancreas usually yellowish or very pale, otherwise un- 
altered. Intestines usually pale and flabby; increase of perivascular lymphoid 
cell groups. Peritoneal surface of the duodenum usually studded with puncti- 
form petechiae, and covered by diffuse fibrinous deposits!; more rarely only 
white irregular longitudinal streaks and bands of thickened tissue. Internal 
villous lining exhibits numerous punctiform haemorrhages. These various 
signs of duodenal irritation are connected with the massive infestation by 
the cestode Davainea proglottina. Microscopically, in accord with the naked 
eye lesions, the thickening of the peritoneum is found to consist of several 
fibrinous layers and also of irregular hyperplasia. In the lumen every section 
reveals one or more segments of Davainea, the parasite having produced 
round-celled infiltration of the surrounding villi. Bones hard and brittle; 
even in young fowls the femur is found excessively thickened, compact, hard, 
difficult to cut or saw through. Medullary canal is much reduced through the 
encroachment of bony tissue, especially in the upper and lower third. Marrow 
varies between dark red to bright red or may be pale pink, watery, or even 
replaced by a clear red or pink gelatinous substance. 

The microscopy of the bone lesions and that of the alterations of the 
marrow can be described together, for they appear to be in close causative 
connection. 

In erythromyelosis the lesions of the marrow are the first to develop; the 
production of osteoid tissue is a secondary phenomenon. The initial stage 
consists in a selective dilation of the capillaries and sinusoids which are 
tightly plugged with clusters of erythrocytes in concentric layers. At this 
stage, the congestion is more noticeable in the marrow at both ends of the 
femur and differs only in extent and intensity from the erythrogenesis seen 
in the reparative process after blood destruction. The erythromyelotic 
hyperaemia is however so extensive, that a complete microscopical field may 
consist of a network of communicating dilated capillaries and sinusoids. 
Concurrently there is but slight reaction on the part of the areolar cells, 
which are responsible for the production of granulocytes. This selective 
hyperaemic condition is therefore already distinguishable from bacterial 


1 These lesions of the duodenum are also mentioned as occurring in fowl-leucocythaemia by 
Ward and Gallagher (1920, p. 148), who do not explain their origin. 
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inflammatory responses of the marrow, which are more of the nature of a 
panmyelosis. The first typical pathogenic signs appear as hypertrophy of 
the small sinusoids, whose cellular content consists solely of erythroblasts in 
different stages of disarrayed development. 

As the condition advances these sinusoids with erythroblasts become more 
numerous, though still maintaining their continuity with others, which are 
plugged with mature erythrocytes; in the centre of these one can detect 
erythroblasts and other immature red-blood corpuscles, which have floated in 
from more actively proliferating capillaries, indicating a constant flow of 
plasma along this system, which no doubt is connected with the general circu- 
lation. A pink gelatinous substance can be seen in increasing quantities in 
the spaces between the erythrogonial vessels. 

This pathological overflow of immature erythrocytes into the general 
circulation results in the later aplastic stage, when the marrow consists of a 
loose network of endothelial cells, with scanty groups of irregular erythro- 
blasts, whilst the intervening spaces are filled by a colourless plasma. 

The endosteal proliferation of bony tissue takes place relatively early after 
the appearance of intensified activity of the erythrogenic elements in its 
immediate vicinity; and is most noticeable in both ends of the femur. As a 
result of the increased congestion and erythrogenesis, the edges of the sinusoids 
press directly on the areas of active osteoid formation; whilst in parts this 
precursor of bone has filled all available space, without showing any signs of 
progressive ossification. There is no evidence of an osteoclastic process, which 
would be present in growing bone and accordingly the deposition of calcium 
salts is deficient ; indeed, much of the osteoid tissue can be noticed to be affected 
by fibrillar degeneration. 


III. Parasitic CAUSATION OF ERYTHROMYELOSIS. 
(a) The cestode Davainea proglottina (Davaine, 1860) R. Blanchard 1891. 


It has been mentioned (p. 353) that the duodenum of all erythromyelotic 
fowls examined was found heavily infested with Davainea proglottina and 
that the implantation of this parasite had caused the appearance of petechiae 
and other acute and chronic lesions of the duodenal wall. 

Stiles (1896, p. 47) gives the following information regarding this cestode. 

Development. Larval stage is found in slugs (Limaz cinereus, L. agrestis and L. varie- 
gatus) and develops from the oncosphere in less than 20 days; fed to chickens, the cysticercoid 
becomes adult with 4 segments at the end of eight days. 

Host. Chickens (Gallus Domesticus). , 

Epidemics. Lucet observed a serious epizootic enteritis produced by this parasite in fowls 
in the Loiret (Raillet, 1893, p. 204). 

The life-history of this worm has been experimentally demonstrated and this is one of 
the few tapeworms of fowls which can be said to be comparatively well known from a 
scientific standpoint. 

The view expressed in the last paragraph is evidently based on the ex- 
periments of Grassi and Rovelli (1888, 1892) but it should be remembered 
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that these authors were themselves in doubt about the interpretation of the 
results obtained, since it could not be excluded that the fowls were naturally 
affected. Meggitt (1916), who attemped to repeat Grassi and Rovelli’s experi- 
ments, found no trace of developing cysticercoids in slugs fed with segments 
of Davainea. 

The following observations were made on living cestodes obtained from 
the duodenum of fowls suffering with erythromyelosis. 


1. Anatomical features. 

Skolex. Head club-shaped with constricted neck; apex provided with re- 
tractile rostellum whose base is armed with 50-60 hooks. Four circular 
suckers armed with a somewhat irregular row of hooklets; these suckers in 
living specimens move actively and rhythmically, the hooklets being extruded 
and retracted. Some authors mention a single row of hooklets, others two or 
even four, but since the minute hooklets are irregularly spaced on a curved 
surface, a distinction in rows is apt to be uncertain (Fig. 1). 

Proglottids. From the second segment onwards genital organs are present; 
genital pores irregularly alternate, situated at anterior angle. Second segment 
shows well developed ¢ organs with 12 to 19 testes, cirrus pouch and vas 
deferens. In the third segment the 3 organs begin to atrophy and the ? organs 
to predominate; these consisting in vitellarium, two ovaries, receptaculum 
seminis, vagina, but no uterus. In the fourth and other segments all genital 
glands begin to be compressed by the abundance of isolated eggs which, in 
mature segments, number 35-40. 

The length varied considerably, because the proglottids hang but loosely 
together and the number of segments obtained depends on care in preparation; 
therefore the length may range between 0-5 mm. and 4-5 mm. normally. The 
number of proglottids varied between one and seven, the latter being a rare 
occurrence in fresh specimens, but fairly common in sections of the whole 
duodenum. The width of the proglottids was 0-2 mm. to 0-6 mm. 

The oncospheres measure 25 to 30u in diameter, are armed with six 
sickle-shaped hooks (Fig. 2) which in mature and free specimens are rhythmi- 
cally extruded and retracted in pairs (see Fig. 3). 

The method of fixation of the cestode to the duodenum was observable 
in sections: the rostellum was extruded and implanted in an intervillous space 
at ca. 0-1 mm. distance from the basal rows of glandular structures. The 
suckers and hooklets gripped the mucosa of adjacent villi securely. It is 
evident that mechanical irritation is set up by the cestode; to this one may 
add the possible secretion of haemolytic substances, to explain the round-celled 
infiltration and minute haemorrhages, seen in the neighbourhood of the 
scolices. 


2. Classification, distribution and morbid reactions. 


Supposed varieties of D. proglottina have been described by different 
authors, but the presence of distinctive features has not been upheld by 
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Fig. 1. Davainea proglottina. Scolex, from duodenum of Leghorn fowl. Base of retractile rostellum 
armed with 56 hooks. Two of four suckers are visible, these bearing an irregular row of 
minute hooks borne on a circular convex surface, their disposal i in rows being debatable. 


0:0 5.mm. 








2 3 
Figs. 2 and 3. Davainea proglottina, oncospheres. 
Fig. 2. Showing the hooklets extruded in pairs. The hooklets are extruded and retracted about 
every 5-7 seconds. The specimen, which shows a clear hyaline zone, was drawn when floating 
in serum. 
ig. 3. Showing four retracted hooklets and no hyaline zone. (H. C. Gillings del.) 
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experienced observers like Fuhrmann (1919). The examination of numerous 
examples from different sources shows that not only an uninterrupted grada- 
tion in size and number of hooks occurs in different specimens of this cestode, 
but that the observation of preserved specimens alone is not a sure guide. 

D. proglottina appears to be universally distributed among domesticated 
fowls, since it is recorded from parts of all five continents. Kotlan (1926), 
working in Michigan, found this parasite present in nearly 80 per cent. of the 
fowls examined in certain stocks. He does not mention any morbid reaction 
occurring in the tissues, though some of the fowls appear to have been heavily 
infested; but it must be explained that he was examining intestines, without 
seeing the living fowls. 

Meggitt (1916, p. 391) mentions the occurrence of this cestode, or one 
closely allied (Davainea dubius n.sp.), as occurring in fowls in Warwickshire, 
Worcestershire, Staffordshire, Shropshire, Gloucestershire and Lincolnshire. 
This author records that very marked emaciation was the most pronounced 
symptom produced by this cestode on its host; that the skin was invariably 
dry and scaly, peeling off in large flakes; the alimentary canal was suffused 
with blood and contained a certain amount of mucus. 

My own examination of healthy chickens from different farms in Great 
Britain proved that the cestode is not uncommon, but usually present in 
small numbers and not causing permanent injury to the duodenum. 

The possibility was kept in mind that this parasite might be accidentally 
present or had multiplied as a secondary manifestation of the anaemia. In 
the fowls with erythromyelosis a massive infestation with Davainea was found 
filling the lumen of the duodenum, extending throughout the ileum and causing 
evident local lesions; petechiae, pigmentary deposits, and other signs of 
localised haemolysis were noticeable. The reaction of the bone-marrow in 
other fowls where peritoneal irritation was induced by different causes, such 
as impacted eggs in the oviduct, was very evident (see p. 363). 

These observations, taken in conjunction with the fact that in anaemic 
fowls this particular cestode was found in large numbers and no others, was 
also considered to lead to the conclusion that the helminth is an important 
predisposing cause in the development of erythromyelosis (and possibly other 
haemopathies) in domestic fowls. 





(6) The infective agent; its spontaneous dissemination. 


The original work of Ellermann and Bang (1908) has been confirmed and 
it is now conceded that no cultivatable or visible micro-organism can be 
isolated from the inner organs of birds suffering from genuine leucocythaemia. 

Bedson and Knight (1924, p. 248) report that in relation to the anaemia 
they observed in fowls “ No organism has been isolated from the diseased birds 
by ordinary cultural methods and none were demonstrated in the tissues.” 

Mr R. L. Connall, B.Sc., of the Institute of Animal Pathology, Cambridge, 
who kindly prepared cultures from the blood, liver and spleen of 3 fowls 
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which were killed in advanced stages of erythromyelosis, failed to observe 
any bacterial growth. 

These observations do not exclude conclusively the possibility of erythro- 
myelosis of fowls being due to a bacterial agent; neither does the experimental 
evidence of Ellermann (1923), Hirschfeld and Jacoby (1912), Schmeisser 
(1915), Bedson and Knight (1924), deny the presence of a minute microbe. 
It is instead the selective and proliferative lesions of one type of cell and that 
only, which leads one to expect that a microplasm is the specific cause of the 
disease observed in these White Leghorn fowls. 

The mode of dissemination of this infective agent is obscure; the existence 
of arthropod vectors of the disease has been considered, especially the air-sac 
mite Cytodites nudus (Vizioli), for it is known to penetrate the bone-marrow. 
I did not find any in the erythromyelotic fowls examined, though the mites 
were fairly common in the controls of the same or other breeds. 

It may be that the infective agent of erythromyelosis resembles that group 
of cryptic microplasms which require the aid of a contributory condition, 
before becoming evident as the result of intracellular multiplication, with a 
corresponding pathogenic reaction. Among these, herpes in man is the best 
known example, though Virus III in rabbits and common verrucae in man may 
also be mentioned. In the commonly accepted meaning of the word, the “epide- 
mic” spread of the symptoms of febrile herpes and warts is not very evident. 

Such microbes have been regarded as “ubiquitous” but their recognition 


is more accurately described as fortuitous or accidental. Herpes does not. 


appear till excited by febrile or similar causes. The proliferative microplasm 
of warts will apparently remain dormant within cells without producing any 
symptoms till induced to multiply by some external irritant. 

In fowl-erythromyelosis the existence of a microplasm as the infective 
cause must still rank as a working hypothesis, being supported by the 
results of experiments performed so far. In addition, it is considered that 
the specific continuous reproduction of one cellular element is the character- 
istic reaction induced by the intracellular multiplication of a proliferative 
microplasm. 


IV. EXPERIMENTAL TRANSMISSION OF ERYTHROMYELOSIS. 


The transmission of erythromyelosis to healthy fowls was attempted in 
various ways, but mainly by intravenous and intraperitoneal injection of blood 
and suspensions of liver and spleen cells. 

My first experiments were made without particular attention to the breed 
or sex of fowls used; subsequently White Leghorns from other farms were 
used and finally related fowls of the same stock were employed. 


(a) Erythrocytosis in fowls of heterogeneous stocks. 


The results of my experiments performed during the first year agreed 
with those of Bedson and Knight (1924). Apparently only temporary anaemic 
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conditions were produced in fowls of other breeds and the same breed (but 
of another stock), by intravenous injections of the blood or intraperitoneal 
injections of blood, liver, spleen and kidney emulsions of affected fowls. 

The following example may serve as an illustration. Twelve fowls of mixed 
breeds were injected; in Rhode Island Reds and Black Game the results 
were negative. Of the White Leghorns (of another stock not related to those 
spontaneously diseased), two showed anaemic symptoms, consisting of pale 
yellowish comb, diminished erythrocytes count and low haemoglobin; these 
symptoms lasted a fortnight or a little longer. Four fowls died after eight 
months with enlarged livers (60 grm.) and congested blood-marrow; in the 
latter erythroblastic elements were present in excess. In these four fowls 
no Davainea were found. 

The interpretation of these apparently negative results was not clear, till 
after repeated examinations of the blood and the marrow it became evident 
that some of these injected fowls presented a remarkable and lasting in- 
tensified activity of the erythrogenic bone-marrow with a corresponding 
increased red-blood corpuscle count—4 millions or more, instead of the 
normal 3 millions or less. 

Thereupon seven White Leghorn cockerels were purchased in the open 
market and injected intravenously and intraperitoneally in August 1927 with 
blood and organ-emulsions from fowl 431 which was killed in a stage of 
advanced anaemia. 

Five cockerels died within five months after having shown the same 
peculiar increase of the erythrocyte count: the necropsy then revealed swollen, 
congested livers (weight about 50-60 grm. for male birds) and spleen, deep 
red congested marrow throughout the length of the femur, but no thickened 
bones. No Davainea detected in the duodenum. 

The two surviving birds are still under observation (April, 1929). One 
has shown no lasting change in the blood; the other (No. 112) is photographed 
in colours in Bayon (1928). This cockerel showed within three months of in- 
jection a blood count of 4,500,000 erythrocytes and haemoglobin 105°—with 
evident slight variations from day to day. The erythrocytes stained clearly 
and their morphological features were those of normal cells. After persisting for 
about eight months, this hypercythaemia gradually diminished, so that when 
last examined (25. iii. 29) the fowl was found to have 3,250,000 erythrocytes, 
40,000 leucocytes and Hb 62°. 

The pathogenesis of this condition will be discussed later on, but though 
the condition has not been transferred in series owing to lack of experimental 
facilities, control examinations were made among other non-injected fowls so 
as to avoid the possibility of the hypercythaemia being fortuitous. 


(b) Positive results in fowls of same stock. 


Later, in May 1928, definite and lasting erythromyelosis was experiment- 
ally transferred from fowl to fowl (admittedly in a single instance) as follows: 
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White Leghorn fowl 2 No. 108 was purchased as healthy in December, 
1927. The blood was found normal on examination. The bird developed de- 
pluming scabies and was kept under observation till cured by sulphur oint- 
ment. On 13. ii. 28, the bird was inoculated with blood and tissue from 
operation on fowl 1926/503 suffering from spontaneous erythromyelosis. 

In May 1928 the inoculated fowl was noticed to have a pale yellowish 
comb, its blood was re-examined and found to be pale and watery. Erythro- 
cytes numbered 1,200,000; Hb 15°. The usual predominance of immature 
erythrocytes and marrow cells of the erythroblastic type was observed 
microscopically. 

In June 1928 the hen had improved somewhat, possibly as a result of 
being fed with cooked liver removed at autopsy from other fowls. The 
erythrocytes numbered 2,000,000; Hb 30°. The proportion of erythrocytes 
to the other cells on a dried film was 100: 5. 

On July 24th, 1928, the hen was found dead?. 

Necropsy. Bird not emaciated, skin pale, muscles pale. Liver mahogany 
colour, weight 39g. Spleen pale 2g. Lungs pink: duodenum pale: no pete- 
chiae; contained many Davainea. Thigh bone thickened, hard. Marrow dark 
pink. 

Microscopically. Liver cells shrunken, interacinar spaces dilated, clear, 
containing cells with a dark staining round nucleus; in many instances the 
liver cells are being invaded by these round cells. Spleen showing diffuse 
increase of lymphatic cells and proliferation of endothelium of sinuses. Bone- 
marrow showing widespread hypertrophy of erythroblastic elements, especially 
one type of cell with a slightly oval, pink staining protoplasm round a pale 
blue nucleus; many erythroblasts and immature erythrocytes. 

Experiments bearing on this subject are being continued in the hope of 
obtaining a “virus” which is transferable with regularity in series. Until this 
has been achieved a complete study of the causation of the disease is not 
possible. 


V. CoNTROL EXPERIMENTS AND OBSERVATIONS. 


(a) Spontaneous leucocythaemia in fowls of other stocks. 


For the purpose of comparing various types of anaemias in fowls, a search 
was made for hens with pale or yellow combs among fowls of other breeds 
in different farms. The majority of those thus obtained were found to be 
suffering from various bacterial complaints, principally tuberculosis. 

Two hens from different sources showed in the blood and blood-forming 
organs the signs of a distinct type of haemopathy, which presented many 
features of interest. The following notes may help to explain how these 
diseases differ from erythromyelosis. 

1. Campine fowl, 2, No. 110, age about 2 years; comb very pale and bird 


1 Sudden deaths in leucocythaemic hens are commented upon by Hirschfeld and Jacoby 
(1915, p. 115). 
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very weak when received on 15. xii. 27. The hen was given special food and 
restoratives, but after rallying slightly it died on 21. xii. 27. 

Blood examination in vivo. Blood flows easily, is very pale and watery. 
Hb = 15°. Microscopically: erythrocytes number under 800,000; stain faintly 
with eosine and their nuclei are dark, round, pyenotic, very often eccentrically 
disposed. In certain erythrocytes the nucleus can be detected on the point 
of extrusion; pear-shaped and distorted erythrocytic remnants frequent. 
Round cells with dark blue protoplasm and a round dark sharply defined 
eccentric nucleus are often observed in different stages of amitotic division. 
Some of these cells contain “chlamydozoic” bodies in their protoplasmic 
fringe. Very similar cells, but with protoplasm staining a paler shade of blue, 
are in active mitotic multiplication. 

The only noticeable distinction between both types of cells, in addition 
to the slight variation in staining properties, is that a ragged edge is frequent 
among those dividing by constriction, whilst in the cells dividing mitotically 
the edge is sharply defined. 

Thrombocytes appear to be numerous and do not differ from those usually 
found in birds’ blood. 

The proportion of definite erythrocytes to all other cells is 5:4. Pseudo- 
eosinophiles and eosinophiles are not numerous; the eosinophile polymorphs 
do not stain well. 

Necropsy. Bird not emaciated. Flesh very pale, appears to turn yellow 
after exposure to air. Abdominal cavity smooth, soft, translucent, moist. 
Tiver firm, dark, mahogany colour; rather small, weight 31 grm., section 
uniform. Spleen dark, firm, somewhat enlarged, 2-2 grm. Intestines, espe- 
cially duodenum injected, contain numerous pigmented Davainea. Pancreas 
very pale, wax-like. Kidneys small, very pale, of dirty yellow colour. Ovary 
apparently normal, quiescent. Lungs very pale, thymus glands (in neck) not 
found. Bones hard, slightly thickened, but no proliferation of osteoid tissue 
noticeable. Marrow pale, pink, diffluent. 

Microscopy of tissues. Spleen showing diffuse hypertrophy. Liver with 
slight increase of the groups of lymphoid cells in the vicinity of blood vessels. 
Kidneys with slight diffuse cloudy swelling of all cellular elements. Bone- 
marrow showing extensive extravascular increase of round cells with a sharp, 
darkly staining nucleus, but also small areas of intravascular erythroblastic 
activity. 

Remarks. The presence of mitotic division and binary fission in the 
monocytic cells, the frequency of nuclear extrusion in erythrocytes, and the 
alterations in the bone-marrow render this disease microscopically distin- 
guishable from erythromyelosis. 

2. Gray Leghorn fowl, 2, No. 140. Received 9. v. 28; ill, drooping, comb 
very pale. Accurate blood-count not possible, owing to predominance of 
abnormal cells; all cellular elements together number about one million in 
1c.mm. Hb 20°. Blood slides: proportion of definite erythrocytes to other 
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cells 100 to 24. Erythrocytes stain badly; immature forms numerous. Many 
mononucleated cells with a round nucleus and darkly staining narrow proto- 
plasmic border. The nucleus is found frequently dividing by fission; a few 
very imperfect mitotic figures are seen in a clearer cell of the same size. 

Fowl died 11. v. 28. Necropsy. Bird not emaciated, skin pale, muscles 
pale on section. Abdominal cavity shows much yellow soft fat. Liver maho- 
gany coloured, soft, weight 52 grm.; section uniform. Spleen enlarged, cherry- 
sized, red, 4grm. Heart dilated, fluid in pericardium. Kidneys pale, some- 
what swollen. Intestines somewhat thickened, white, in duodenum many 
Davainea. Bones not thickened, marrow pink and diffluent. 

Microscopy of tissues. Spleen exhibits diffuse hyperplasia with an increase 
of similar immature leucocytes. In the liver, diffuse extravascular deposition 
of similar cells is noticeable. Bone-marrow shows a widespread increase of 
extravascularly situated cells whose protoplasm stains a dark blue; intra- 
vascular erythrocytic germinal centres are also seen, but only rarely. 

** * * * 


On comparing the marrows of these fowls, one observes that in the leuco- 
cythaemic conditions, the activity of the marrow is separate and distinct from 
the erythrogenic centres, an observation which definitely supports the poly- 
phyletic theory of haematopoiesis. 

The blood picture in both these fowls is distinguishable from that occurring 
in erythromyelosis; in each instance a different class of blood-cell has invaded 
the circulation in abnormal numbers, as the result of proliferative processes 
in the bone-marrow. In both the leucocythaemias, however, the pathological 
multiplication continued in the blood-stream; in erythromyelosis it was 
solely located in the red bone-marrow. 


(6) Anaemia resulting from tuberculosis and other infections. 

That anaemia of varying intensity may commonly occur in fowls as a 
result of tuberculosis is well known, but it does not appear to be generally 
admitted that the condition is distinguishable from erythromyelosis and 
leucocythaemia, even apart from bacterioscopy. To prove that evident dis- 
tinctions are present, examples are chosen among many which came under my 
observation. 

Rhode Island Red fowl, 2°, No. 35 received from R.K.B. on 22. vi. 28. 
Bird emaciated, soiled, comb pale. 

Blood flows freely, it is watery, pale, Hb = 30°. Blood-cells, total 
1,500,000 per c.mm. Microscopy of dry films shows that the proportion of 
erythrocytes to leucocytes is 100 to 20, which means a count of about 300,000 
leucocytic cells. A differential count results as follows: 


Polynuclears ose <n ae 156,000 
Lymphocytes ___... soe os 104,000 
Monocytes evs a6 si 25,000 
Undefined a aie am 10,500 


295,500 
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As the fowl is ailing it is killed on the 23. vi. 28. Necropsy. Muscles pale. 
Liver dark, very swollen, weight 124 grm.; section dark, mottled. Spleen 
much enlarged, 15 grm., section studded with whitish, caseating, pinhead- 
sized nodules. Intestines covered with scattered millet-sized tubercular no- 
dules; hard, white on section. Ovary quiescent. Kidneys pale, not enlarged. 
Lungs congested. Bones slightly thickened, marrow pale pink; thigh bone- 
marrow contains a few dirty yellow, dry, caseating tubercular nodules. 

Microscopy of tissues. Liver contains numerous widely dilated venous 
sinuses which are filled with blood; interacinous capillaries dilated and packed 
with erythrocytes, liver acini either swollen, hypertrophic and pale or under- 
going various stages of necrosis; bile ducts irregularly proliferating. Spleen, 
in addition to several typical caseating tubercular lesions, shows considerable 
activity in the lymphoid centres. Marrow shows necrotic tubercles; scattered 
intravascular erythroblastic clusters, but the predominant increase is due to 
extravascular cells with pale round nucleus and dark protoplasm and eosino- 
philic granulated myelocytes. 

Remarks. In this instance, as in others observed, the anaemic symptoms 
were connected with tuberculous lesions of the bone-marrow, which resulted 
in a massive production of leucocytic cells, with no very evident predominance 
of one type. 

This is, I consider, the essential difference between the leucocythaemic 
diseases of fowls and the leucocytosis found in avian tuberculosis. In the 
former a definite type of cell multiplies vigorously, whilst other cells are 
passive; a condition which renders the disease akin to tumours which arise 
through the persistent reproduction of one type of cell to the detriment of 
the surrounding tissues. In tuberculosis, as in bacterial infections in general, 
a tenfold increase in the blood of cells of different origin and appearance is 
caused. The increase in monocytes is also worthy of notice (see p. 351). 

Tuberculosis, however, is not the only infective disease in the fowl which 
may be accompanied by anaemia as a result of impairment of the function 
of the marrow, after an initial congestive condition. 

To my knowledge spirochaetosis, and various forms of septicaemia, may 
be accompanied by a considerable degree of congestion of the marrow; in 
one striking case of chronic fowl spirochaetosis (No. 25), the marrow was 
practically obliterated by newly formed osteoid tissue and anaemia resulted. 

In other instances (fowls N. 146 and N. 40) similar intense congestion of 
the red bone-marrow and formation of bony trabeculae was found in two 
hens from different farms and of different breeds; in both these fowls the 
hypertrophied, thickened and much dilated oviduct contained several inspis- 
sated and impacted egg-yolks. In these hens hypercythaemia had developed, 
a finding which is of interest in connection with the results of the experi- 
ments described on p. 359. 
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(c) Transient anaemia and leucocytosis induced by haemolytic chemicals. 


These experiments were performed as controls to determine the response 
of the haematopoietic system in the fowl to various haemolytic substances; 
for Schridde (1909), Henschen (1917), Klieneberger (1927) and others are 
inclined to believe that leucocythaemic conditions can be produced at will 
in fowls by the most diverse haemolytic means. 

The experiments were carried out on the lines previously described by 
Kasarinoff (1910) and, as a result, the difference between the artificial and 
transitory reaction produced by chemicals and the progressive disease of the 
blood in erythromyelosis fowls then became very evident. 

Saponine and ricine were injected intravenously in doses of 0-001 grm. 
If death resulted, at autopsy the liver was found to be pale and swollen, 
the spleen congested and swollen, the marrow dark red and congested. 

The reaction of the marrow in all instances consisted of an increase of all 
types of leucocytes in the blood, with a predominance of pseudo-eosinophiles ; 
and a temporary diminution of erythrocyte numbers (from 3,000,000 to 
1,500,000). In no case did a lasting leucocytosis or anaemia follow as a 
result, but the blood returned to normal within a week. 


VI. ConcLusions. 
(a) Origin and causation of the lesions. 


The symptoms of erythromyelosis are the result of a selective and ab- 
normal proliferation of the one type of cells of the bone-marrow, viz. the 
sinusoid endothelial cells, which give rise to erythroblasts. Areas of enhanced 
erythroblastic activity are found on the edges of the proliferating osteoid, 
tissue and later in canals within solid osteoid tissue, but the production of 
the osteoid tissue is secondary to this activity. The connection between the 
morbid proliferation of the blood-forming marrow and the increase of bony 
tissue can be tentatively explained as a reaction of the bone-forming matrix, 
to the continuous pressure and irritation set up by the enlarged marrow 
sinusoids, as a result of their enhanced erythropoietic function. 

In early cases, small scattered foci of intense haematopoietic activity 
occur in the marrow and the response of the bone is slight; later, these foci 
merge into one another and irregular patches of osteoid tissue appear; later 
still, the extent of active marrow tissue is considerably reduced, as a result 
of the encroachment by newly formed osteoid tissue and also owing to ex- 
haustion atrophy. This is a terminal condition, which resembles that found in 
certain cases of aplastic anaemia. 

To group erythromyelosis as one of the “aplastic anaemias” would not 
be correct, for the anaemic symptoms may be already fully developed, not 
only without aplasia of the marrow having resulted, but on the contrary, 
with evident hyperplastic features in erythrogonial tissues, which resemble 
the intensified reaction occurring after abundant haemorrhage. The aplastic 
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terminal condition of the marrow, in some erythromyelotic fowls, cannot 
therefore define the disease; it likewise is an insufficient designation for several 
similar anaemias. 

If the primary lesions in the marrow can be explained on the assumption 
of an intensified erythropoiesis, those found in the liver, spleen and to a 
lesser extent other inner organs, seem definitely to indicate a much increased 
erythrophagia, which in advanced cases has given rise to atrophic terminal 
changes of the organs involved. 

The inner organs of the healthy fowl, especially the liver and intestines, 
contain numerous perivascular groups of round cells; these correspond to 
the lymphatic glands of mammals. In the late stages of erythromyelosis, 
these lymphoid groups may be increased in size, by the accumulation of cells 
very similar in appearance to those normally seen, though it is mostly in fowl 
leucocythaemia that massive aggregates of such cells form an outstanding 
and striking feature of the pathology of the disease. 

Ellermann (1922), whose investigations have contributed so much to the 
knowledge of fowl-leucocythaemia, concluded that these hypertrophic cellular 
aggregates are due to the local increase of pre-existent cell groups, which are 
induced to proliferate by the action of the “virus” circulating in the blood; 
and that accordingly the lesions in the bone-marrow are secondary and 
correlated to those seen in the inner organs. 

An alternative explanation of the anaemia of erythromyelosis, more in 
keeping with the results of recent work on the haemocytogenesis of fowls, 
would be: that a microplasm, multiplying primarily in the red bone-marrow, 
causes the erythroblasts to proliferate selectively and thus fill the blood-stream 
with immature erythrocytes, which are not viable. As a result, concurrently 
with this rapid production, there occurs an intense destruction of patho- 
logical erythrocytes in the spleen and liver, more than compensating the 
enhanced function of the marrow, where but few normal cells are produced 
and join the circulation. 


(b) Etiological unity of fowl-erythromyelosis and erythrocytosis. 


Previous observers who obtained single hens with anaemic symptoms, or 
fowls of different breeds and from different sources, have necessarily met 
irregular morbid lesions; the interpretation of these induced the conclusion 
that the variety of symptoms was due to several unspecified microbes; and 
that the resemblance between otherwise distinct types of disease was superficial. 

Accordingly some authors do not consider fowl-leucocythaemia a disease 
sui generis, but a symptomatic form of tuberculosis, or an obscure morbid 
reaction resulting from any mechanical irritation of the peritoneum; whilst 
others believe it to be a transient physiological condition, which could not be 
correlated with known ailments in man. 

With the purpose of excluding such assumed causations and possibilities, 
repeated control experiments were performed. These show that in erythro- 
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myelosis as in leucocythaemia, single features exist which can be imitated 
in various ways, but that the full pathological picture constitutes a definite 
avian disease. 

The outbreak of erythromyelosis described in this paper occurred in White 
Leghorn hens of a closely related stock; the fowls developed the disease 
within short periods of each other. Therefore, any essential pathological lesions 
originated under uniform conditions; correspondingly, changes in the blood 
were shown to be accompanied by the regular presence of a cestode in the 
duodenum, and correlated with constant alterations in the condition of the 
marrow and bone. 

The fowls of the same breed, but without Davainea, when injected with 
blood and cellular suspensions, developed a transient type of the ailment 
and then only in a small proportion (one in five on an average) of cases; this 
in confirmation of the results of Schmeisser, Bedson and Knight. It was 
only by inoculating a Leghorn hen of the same stock that the disease could 
be experimentally reproduced. 

The injection of infective material without the aid of the cestode caused 
hypercythaemia (erythrocythaemia, erythrosis) following the moderate action 
of a proliferative microplasm. Therefore, the anaemic form of erythromyelosis 
in these White Leghorn hens, and the hypercythaemic condition in cocks and 
hens of other breeds and stocks, are etiologically related diseases, though one 
is characterised by a deficiency and the other by an excess of erythrocytes 
in the blood. Both are substantially disturbances of the erythrogenic function 
of the marrow. 

These experiments may explain certain clinical observations, whose 
pathology has remained obscure. These are instances of polycythaemia vera‘ 
(erythrocytosis, erythraemia) which in course of time ended in a disease 
indistinguishable from pernicious anaemia (Minot and Buckman (1923) and 
others). It is known (Harrop, 1928) that extensive hyperplasia and prolifera- 
tion of the marrow are of primary etiological importance in these erythro- 
cytotic diseases; accordingly, the symptoms correspond to lesions of the same 
category as those observed in fowl-erythromyelosis. 


(c) Analogy with anaemias in man and animals. 


From the standpoint of comparative pathology, anaemic erythromyelosis 
in these Leghorn hens can be classified as one of the secondary anaemias, which 
result from infestation with intestinal parasites. In man the best known 
examples of helminths associated with anaemias are Bothriocephalus and 
Ankylostoma, but many others like T'richocephalus, Trichostrongylus, Ascaris, 
Watsonius, etc., have been observed to produce similar effects. It is usually 
thought that the pathology of these haemopathies is causa soluta, but haemo- 
lytic substances have been found in many helminths, not only in those known 
to induce anaemia; moreover, anaemic conditions have been observed in 


1 A persistent increase of red corpuscles of unknown origin (Piney, p. 162). 
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heavily infected individuals, where the blood disease had progressed, even 
after expulsion of the helminths, or recurred after a temporary improvement 
following their expulsion (Ashford, 1923; Jedlicka, 1926). 

The variable geographical distribution of Bothriocephalus anaemia (fairly 
common in the Baltic provinces, relatively rare, though observed, in Switzer- 
land) and also ankylostome anaemia should be mentioned; several other 
puzzling features are well known to those who have investigated the subject. 

Therefore these anaemic conditions observed in man and animals, as a 
result of helminthic infestation, may well be re-investigated in view of the dual 
causation observed in the particular instance of erythromyelosis of the fowl. 

The comparison of the symptomatology of fowl-erythromyelosis with that 
of some of the anaemias which occur in domesticated animals, such as the 
pig, is relatively easy, for, since in fowl-erythromyelosis the Davainea acts 
solely as a predisposing cause by irritating the bone-marrow, it follows that 
in other animals, the auxiliary effect of intestinal parasites may well be re- 
placed by numerous other haemolytic agents of bacterial and other origin 
(see Busson und Kossian (1921), Seyderhelm (1918)). 

The differences between erythromyelosis in fowls and pernicious anaemia 
in man are quite evident, and can be explained by reference to the peculiar 
haematology in fowls. Leucopenia is easily detected in human pernicious 
anaemia—in erythromyelotic fowls the diminution of leucocytes is not as 
evident, for it is masked by the presence of morphologically resemblant 
nucleated cells. If this source of error is considered, it will be found that the 
number of true leucocytes in the fowl with erythromyelosis is below the 
average. Other distinctions are found in the high haemoglobin index in human 
anaemia, and the low index constantly observable in erythromyelotic hens; 
moreover, in mankind the disease is not confined to one sex. 

The morbid anatomy of this disease in fowls and that of anaemias in man 
resemble, in relation to the active participation of the marrow, the lesions 
of both haemopathies. This has been more particularly illustrated by Peabody 
(1927), who performed biopsies of the tibial marrows in seven patients with 
pernicious anaemia and found that the essential lesion and the one which 
dominates the picture during clinical relapse is the hyperplasia of myeloid 
cells, in which megaloblasts play the principal part. He also refers to the 
clusters of mature erythrocytes, which are a recognised feature of anaemia 
and are frequent in the marrow in erythromyelosis in the first stages. 

The remarkable endosteal hypertrophy seen in fowl-erythromyelosis, is 
not particularly noticeable in human anaemias; but medullary ossification 
was an outstanding symptom of a primary disease described as “ osteosclerotic 
anaemia” by Parkes Weber (1929), who refers to several other instances with 
a similar pathology. Moreover, Rusk and Miles (1927) describe osteosclerotic 
anaemia secondary to epidermoid carcinoma; in this instance the symptoms 
in the blood, spleen and marrow can be easily correlated with those seen in 
erythromyelotic fowls, though the etiology is different. 
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A discussion of the possible resemblance between the complex etiology of 
erythromyelosis in fowls and anaemic haemopathies in man is hindered by 
the admission that the genesis of pernicious anaemia in man is still incom- 
pletely recognised (Evans, 1926). Piney (1928) considers that the ailment is 
due “to a pathological process superimposed on a congenital malformation; 
this malformation consisting in remnants of megaloblastic tissue of a foetal 
type in the liver; the pathological process may originate in several different 
ways. The anaemia is to be regarded as the result of excessive haemolysis by 
cellular means together with defective erythrocytopoiesis.” 

Therefore though there may not be a close relation between the cause of 
erythromyelosis in fowls and pernicious anaemia in man, yet, in view of the 
many striking similarities between both diseases, it is reasonable to expect 
that the pathology is the outcome of analogical morbid processes. 


(d) Comparison of avian and mammalian leucocythaemias. 


The assumed identity of anaemias and leucocythaemias in fowls is possibly 
due to the difficulty in distinguishing immature blood cells in the circulation; 
for if the marrow and inner organs are examined it will be found that erythro- 
myelosis and leucocythaemias are pathologically distinct in fowls, though 
the differences in the cellular content of the blood of birds may not always 
be sharp and evident as in man. 

The constant presence of anaemia in advanced cases of leucocythaemia has 
often caused clinical diagnostic difficulties; in fowls it has been possible to 
observe in the marrow the mechanism of its inception. The intense prolifera- 
tion of the myeloblastic elements in areas of focal activity, hinders erythro- 
poiesis, possibly in a mechanical manner, by pressure; a secondary anaemia 
is the result. 

That polycythaemia vera may end in anaemia has been mentioned; more- 
over Herxheimer (1913), Ghiron (1922) and Gans (1927) have published records 
of erythrocythaemia and leucocythaemia occurring in sequence, an observa- 
tion which is also mentioned in Naegeli’s text-book. If the deductions and 
inferences arising from the study of avian diseases are correct and both anaemia 
and leucocythaemia originate in the marrow, then the clinical observations © 
could be explained by the close connection in the haemopoietic tissues between 
the genesis of red and white blood cells. 

The relation between the compound etiology (helminth and microplasm) 
of the disease described on pp. 360-1 in the fowl, finds evidently no parallel 
in the great majority of the leucocythaemias occurring in man and animals. 
However, since in these particular instances of fowl-leucocythaemia the intes- 
tinal parasite acts as an impulse, inducing the development of the progressive 
morbid condition, its action is non-specific and accidental; indeed, it plays 
a part comparable to that of parasitic irritants in tumour formation. Instead, 
the cause of the pathological cellular multiplication in these fowl-haemopathies 
is strictly idiopathic, resembling in this also the causa causans of tumours. 
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These leucocythaemic haemopathies of fowls present several analogies in 
what we may call their clinical course, microscopical lesions and end-results 
to similar diseases in mammals; except that the experimental transmission 
of leucocythaemia in mammals has been often attempted, and has usually 
failed. It has however been seen that the experimental transference of ery- 
thromyelosis is not an easy matter in fowls, so that ease or difficulty in trans- 
mission under experimental conditions may not necessarily indicate a totally 
different pathology. 

In recapitulating therefore the observations relative to erythromyelosis 
and leucocythaemia in fowls and their comparison with the similar diseases 
occurring in mammals, one must conclude that their essential nature consists 
in a disturbance of the mechanism of the production of certain definite cells, 
especially in relation to premature appearance in the circulation. The classifi- 
cation of the disease depends on the recognition of the predominant type of 
cell affected and the exclusion of secondary and terminal conditions, such as 
aplasia of the marrow, anaemia in leucocythaemic conditions, hyperplasia of 
bony tissues, deposits in inner organs and similar lesions, which however play 
a considerable part in the make-up of the symptomatology of these diseases. 


(e) Haemoblastosis and tumours of the haematopoietic tissues. 


The resemblances between leucocythaemia and tumours of the marrow 
and haematopoietic organs have already been alluded to; the question has 
been dealt with by Naegeli (1923) and Piney (1928, p. 68) says: “It seems 
difficult to escape from the view that the leucotic process is a truly neo- 
plastic one.” 

In the course of these investigations of fowl-erythromyelosis, many 
tumours of fowls were examined, including the myeloma described by Baker 
(1928). A comparison of the development of the different lesions, their 
histogenesis and the symptoms they caused, showed that, in fowls at any 
rate, the distinction between leucocythaemia and neoplasm of the haemo- 
poietic tissues is feasible and can be defined. 

As an example one may refer to lymphatic leucocythaemia and certain 
forms of sarcomatosis in man whose distinguishing features consist in greater 
or lesser clinical malignancy. In fowls instead the persistent invasion of the 
blood-stream with immature blood-cells of various origin is the cardinal 
sign of leucocythaemic conditions; the deposits in the tissues are secondary. 
Sarcomatous tumours cause an irregular dissemination through the blood- 
stream; hence the presence of pathological cells in the blood is never very 
striking and any deposits partake of the nature of a metastasis. 

There does not seem therefore any necessity for calling certain scattered 
tumours of the lymphatic cells of fowls “aleukaemic leukaemias.” A pro- 
gressive and persistent increase of cells of the myeloblastic or lymphoblastic 
series in the circulation is the predominant feature of leucocythaemias; where 
instead the presence of such cells is fitful and irregular and accompanied by 
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single or scattered foci of cellular proliferation in the haemopoietic tissues, 
then a tumour can be diagnosed. That diffuse lymphatic tumours may occur 
in fowls without causing appreciable alterations inthe circulating blood is 
shown by Pappenheimer and others (1929). 

The pathogenesis of leucocythaemia is a morbid alteration of the haemo- 
poietic process primarily in relation to the leucocytic elements; in tumours 
of the blood-producing tissues there is the proliferation of definite cell-units. 

* * * * 


The investigation of fowl-erythromyelosis involved a comparative ex- 
amination of allied diseases, such as leucocythaemia, lymphocythaemia and 
tumours of the haemopoietic tissues and of one which at first appeared to be 
totally unrelated, 7.e. polycythaemia vera. In fowls, the etiology of these five 
diverse conditions is possibly generically related, since they originate in the 
blood-marrow and are experimentally transmissible and that under conditions 
which render probable the inclusion of the cause in the class of those microbes 
which are optically undistinguishable. 

In mammals similar experimental results cannot be recorded, and this 
gap in our knowledge is mainly due to differing reactions under experiment. 
These conditions can perhaps be compared with those in relation to the Rous- 
fowl-sarcoma and its similarity to tumour in mammals; though the resem- 
blance is relatively close, yet that particular strain of fowl-sarcoma is evidently 
caused by a filterable pathogenic principle, whilst sarcomas in mice and rats 
require intact cells for their transmission. 

Whether such differences, under experimental conditions, are of an 
essential nature cannot be decided without further investigation; though these 
peculiar resemblances and analogies should help to explain the many ob- 
scurities in the origin of blood diseases of man and animals, 


VII. Summary. 


1. Progressive anaemia was observed in 30 White Leghorn hens obtained 
from a poultry farm in England, where the ailment became noticeable through 
the yellowish-paleness of the combs and gills of the diseased hens and the 
heavy mortality following on the appearance of these symptoms. 

Only hens of one stock were affected, other breeds on the same farm did 
not develop the same or a similar condition. 

2. The anaemia was characterised by a lasting diminution in the normal 
number of erythrocytes, a Hb index less than 1, the preponderance of 
immature and defdrmed erythrocytes and the presence of marrow-cells of 
the erythrocyte series in the circulating blood. The leucocytes were normal 
or slightly below normal in numbers; the monocytes were diminished. 

3. The essential pathological lesion is an intravascular proliferation in 
the marrow of the stem cell of erythrocytes, which results in the blood-stream 
being overrun with erythroblasts and immature erythrocytes ; these are rapidly 
destroyed in the spleen and liver, whilst the issue of normal erythrocytes in 
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the marrow is hindered. The myeloblastic elements do not proliferate actively. 
These lesions explain the pathogenesis of the anaemia. 

4. This intensified activity of the bone-marrow, the resulting congestion 
and increased localised pressure, induce the production of osteoid tissue; the 
femur and other bones of the fowls thicken, so that the medullary canal is 
nearly obliterated. 

5. Attempts to detect microbes in the blood or isolate bacteria from the 
organs of anaemic hens failed. The spontaneously diseased hens all harbour 
a minute cestode, Davainea proglottina, in the duodenum, where the helminth 
causes round-celled infiltration, petechiae and thickening of the intestinal 
peritoneum. 

6. In Davainea-free fowls of the same and other breeds, the injection of 
blood and cellular emulsions of liver and spleen from erythromyelotic fowls 
caused a condition of hypercythaemia which lasted several months. This was 
related to congestion and hyperplasia of the red-blood-marrow and accom- 
panied by considerable enlargement of the liver and spleen. 

7. Typical erythromyelosis was reproduced in one hen of the same stock 
from the same farm, by the intravenous inoculation of blood and tissue from 
spontaneously diseased fowls. In other hens only a transient type of anaemia 
was obtained, corresponding to the experience of other observers, more par- 
ticularly Bedson and Knight (1924). 

The experimental results agree with the view that a proliferative micro- 
plasm is the specific cause of this condition. 

8. It is suggested that the development cf this outbreak is induced by 
the massive infestation of the duodenum with Davainea proglottina. This 
irritative cestode produces a receptive condition in the bone-marrow of the 
fowl, which allows the microplasm to unfold its pathogenic properties. The 
duodenal parasite therefore plays the part of a preparatory cause. The associa- 
tion of cestode and microplasm affords an example of a “compound” disease. 

9. The microplasm is specific and multiplying solely in certain definite 
blood-marrow cells of Gallus domesticus. This proliferative action can be 
compared to that of the microbes of epitheliosis contagiosa and Rous fowl- 
sarcoma; the resulting cell-reaction is then similar to tumour formation in 
these and other tissues of the fowl. 

10. Since this haemopathy in fowls is characterised by specific patho- 
logical features in the erythrocyte-producing cells of the marrow, the name 
erythromyelosis is suggested, to mark clearly the position of the principal 
cellular lesion. 

11. This disease (erythromyelosis) has been distinguished from other ail- 
ments of fowls, in the course of which anaemia may also occur, e.g. avian 
tuberculosis with involvement of the marrow. The leucocythaemic type is 
differentiated by diagnosis of the predominant type of cell found in active 
multiplication in the blood and the position of the cell-proliferation in the 
marrow. 
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12. Bone-marrow tumours and neoplasms of the lymphatic system occur 
in fowls, without causing progressive alterations in the cellular contents of 
the blood. The perivascular aggregations of cells in different organs may also 
hypertrophy, without any cytological changes being noticeable in the blood, 
except diminution of the numbers of erythro¢ytes. Such lesions are therefore 
distinguishable from different forms of leucocythaemia, where a persistent and 
progressive increase of genetically related cells is noticeable in the blood- 
stream and is concurrent with certain diffuse lesions of the marrow. 

13. The haemoblastic diseases of fowls, such as erythromyelosis, leuco- 
cythaemia, lymphocythaemia, differ from tumours of the blood-producing 
tissues, since the former are the result of a pathological disturbance of the 
mechanism of haemocytopoiesis, whilst the latter are the localised prolifera- 
tions of cellular elements, which then may spread by a process identical to 
neoplastic metastasis. There is a distinction in mode and degree. 

14. The many resemblances between erythromyelosis and certain blood 
diseases in man and animals may indicate that their pathogenesis, though not 
identical, is comparable. A similar analogy may be applicable to fowl-leuco- 
cythaemia and lymphocythaemia. 
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I. INTRODUCTION. 


In 1910 Werbitzki had shown that under the influence of certain dye-stuffs 
there was produced a definite modification in the structure of trypanosomes 
parasitic in the blood of various animals. 

Trypanosomes and several other genera of flagellates have, in addition to 
the central nucleus, a chromatin body situated in the neighbourhood of the 
basal granules of the flagella. The nature of this parabasal body is a matter 
of dispute, but I have convinced myself that in the trypanosomes and in 
the Bodos it is composed of chromatin (Bresslau and Scremin, 1924; Robertson, 
1927; Reichenow, 1928). 

It seemed probable that if the parabasal body could be suppressed in the 
trypanosomes a similar modification could be produced in Bodo, and the 
work of investigating this possibility was undertaken partly in the hope of 
throwing some light upon the interesting and still obscure question of the 
function and origin of the parabasal body and also to get further information 
concerning the problem of drug-fastness. 

I found that Bodo did react to the presence of the drug used and that 
individuals were produced without a parabasal body; up to the present how- 
ever no permanently aparabasal strains have been obtained and the parabasal 
body still retains the secret of its origin. The task of breeding an aparabasal 
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strain does not appear to be entirely hopeless and may finally be achieved. 
The attempt was abandoned at this time and my attention was directed to 
the other part of the research, as it became clear that the behaviour of Bodo 
in these experiments was affording a most delicate and accurate instrument 
for the investigation not only of drug-fastness, but also of the more funda- 
mental and obviously underlying problems of variability, modification and 
inheritance in a non-conjugating organism. The problem of these open cycles 
in which there is no cell fusion is of great interest. The labile character of, for 
instance, the trypanosome species is an example of the behaviour of such an 
organism in its relation to parasitism. 

The actual problem that is here presented in Bodo is composed of three 
elements: (1) the capacity of the untreated organisms and the types of un- 
treated strains that can be separated out in regard to their sensitiveness and 
powers of resisting the particular conditions imposed by the drug, (2) the 
degree and nature of the acquired resistance and how this change is pro- 
duced, and (3) the permanence of the resistance and the nature of its loss or 
diminution. 

The great advantages offered by Bodo lay in its ready cultivation, which 
permitted an indefinite repetition of any important experiment, and in the 
fact that not only could several types of survival experiment be carried out, 
but a most valuable correlation could be obtained between the resistance as 
measured by death or survival and the numbers of modified (aparabasal) 
organisms produced. 


II. MATERIAL AND METHODS. 


The material consists of a strain of a relatively large Bodo—B. caudatus. 
The parabasal body in this form is big and the organism is particularly 
favourable for a study of this nature. 

The Bodos were cultivated with accompanying bacteria upon plates 
24 inches in diameter (8 c.c.) of water agar (2 per cent.) to which was added 
2 c.c. of Peters’ medium containing 1 part in 7 of an alkaline egg fluid used 
in the cultivation of anaerobic bacteria. These plates when cold were inocu- 
lated and immediately flooded with 8 to 10 c.c. of Peters’ Ammoniumglycero- 
phosphate culture medium. It should be noted that the plates are really 
small ponds with an agar bottom, the fluid being half a centimetre or more in 
depth. This proved to be an excellent method of cultivation; the Bodos grow 
and multiply, running through an evolution of a regular type and, after a 
period of days (2 to 10 or more) depending upon the size of the inoculum, 
vigour of strain temperature and so on, the organisms become small in size 
and decrease again in numbers. The culture may now settle down for a pro- 
longed—almost an indefinite—period of survival with low numbers gradu- 
ally dying in the course of several weeks or months or in a shorter time. 
If the culture is crowded and very vigorous, rounded-off aflagellate stages are 
produced in great masses. In this method of culture the resting forms do not 
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proceed to form resistant cysts capable of being dried, but they will become 
active and enter upon another period of rapid division if subcultured on to 
a fresh plate. The production of the rounded forms on the plates is always a 
sign of great vigour and health. The reaction of the medium on the plate 
was equal to a pH of about 7-5, and after growth it was found to be unchanged. 

As an alternative method of cultivation, the Bodos were placed in hard 
glass tubes of Peters’ medium, multiplication occurred and the flagellates 
then settled down into periods of depression in which they survived for weeks 
and months with a low degree of multiplication. It was extremely convenient 
to be able to keep the animals in this way, as it would have been quite im- 
possible to carry on the very large number of interesting strains that were 
produced if they had required to be subcultured upon plates every few days. 
Before testing in any way in the acriflavine solutions the Bodos were grown 
again on plates. 

The system of notes was so arranged that every subculture of any kind 
was recorded and could be traced so that genealogical tables could be con- 
structed showing in detail the treatment and origin of all the strains, and 
their entire cultural history could be considered in relation to all the other 
data. 

The acriflavine experiments were of three types. In the first, called the 
tube type of experiment, the Bodos grown on a drug-free egg-Peters’ agar 
plate flooded as described above were dropped from a pipette of measured 
calibre into a small sterile hard glass tube, an equal number of drops were 
then added from a particular concentration of acriflavine. The contents of 
the tube were mixed and two drops were placed on an egg-Peters’ agar plate 
at varying intervals of time. The plates were flooded with 8 c.c. of Peters’ 
medium. Survival was reckoned by the subsequent evolution of the Bodos 
on the plate—a mere persistence for a few days without multiplication was 
noted as such, but survival as here used meant the production of a populated 
plate and of a viable strain. It is clear that these plates contained the acri- 
flavine carried over with the Bodos, and as the concentration in the tubes was 
often very high, 1/800-1/200, it was a not altogether negligible amount. The 
concentration in the tube was reckoned of course as one-half that of the 
acriflavine added. The acriflavine was made up from 1/50 solution in distilled 
water diluted with Peters’ medium. 

In the second type of experiment the Bodos were placed upon acriflavine 
plates and had to carry out their evolution continuously in the drug. The 
plates were made up as follows and are referred to in the text as acriflavine 
incorporated plates. Two c.c. of egg-Peters’ medium containing a given con- 
centration of acriflavine were placed in a sterile plate and 8 c.c. of water agar 
(2 per cent.) added so that the 10 c.c. of the total medium on the plate con- 
tained a particular desired concentration, say 1/100,000 or whatever was 
required. A similar concentration of acriflavine was made in Peters’ medium 
and 10 c.c. were used to flood the acriflavine incorporated agar. In this way 
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there was a like concentration of acriflavine in the agar and in the fluid 
flooding it. 

Laidlaw, Dobell and Bishop (1928) lay stress upon the inconsistent results 
obtained with emetine in a semi-solid medium in their work upon Entamoeba 
histolytica. I did not find a similar difficulty with these plates; the 2 per cent. 
agar is a firm substratum and the distribution of the drug seemed to be 
uniform for practical purposes. The extremely consistent results gave no 
reason to doubt the uniformity of the conditions. The incorporated plate 
experiments were carried out as a rule in a simultaneous series of ascending 
concentrations from 1/100,000 to 1/5000 in various chosen steps. This in itself 
formed a constant criticism of the results and important comparative tests 
were carried out on the same occasion concurrently. 

The third type of experiment was devised to simulate in some degree the 
disappearance or diminution of the drug that occurs in im vivo experiments 
in vertebrate hosts. It was also thought that the progressive dilution would 
encourage the survival of the aparabasal Bodos. In this form of experiment 
the plates were known as the acriflavine-flooded plates. Here the usual egg- 
Peters’ agar plate (10 c.c.) was poured containing none of the drug and 10 c.c. 
of a given concentration of acriflavine in Peters’ medium was then poured 
over it. The acriflavine was partly absorbed by the agar; these plates gave 
more consistent results than would have been expected; they were used for 
acclimatisation, for the study of the modified Bodos and upon some occasions 
for minimal exposures, but never for tests of survival. 

The greatest source of error I found lay in the instability of the acriflavine 
in solution. Sterile distilled water was used and a dilution of 1/50 was the 
standard concentration from which the Peters’ medium dilutions were made. 
The acriflavine makes a perfect solution in distilled water and although kept 
in the dark its potency as a killing agent and its power to produce Bodos 
without parabasal bodies deteriorated in the course of a few days, although 
there was no precipitation or other visible change in the solution. The dilution 
method was identical and the change was noted with a single batch of medium 
of the standard reaction. Fortunately the fragile nature of the drug in solution 
was discovered pretty early in the research and the great bulk of the work 
was carried out with freshly made solutions. 

The effect of light plays some part both in accelerating the death of the 
Bodos in acriflavine and in progressively reducing the potency of the drug in 
the cultivation experiments of long duration. This was not very noticeable 
in the plates which were kept in large round glass dishes with lids in a shady 
part of the bench, but it was obviously a factor of some degree of importance, 
and as it was not under proper control, the plates in the important tests were 
all put to grow in the dark and were shaded while being dealt with except 
for the short period of actual examination under the microscope. 

The isolations of single Bodos were made by a modification of Barber’s 
well-known method. The important thing in using this method is to protect 
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the Bodos as far as is possible from the harmful effects of artificial light. The 
source of light should be daylight from a north window. Isolations from 
acriflavine material very rarely survived, but isolations from sanoflavine 
plates which were also used were very frequently successful. When proper 
care was taken 100 per cent. of single isolations from drug-free media gave 
positive cultures upon plates. 

The counts of modified Bodos were obtained from coverslip films made 
from the plates at different intervals. Feulgen’s nucleal reagent was used 
counterstained with light green. This method gives a brilliant red staining 
of the parabasal body and even a tiny fragment shows up quite unmistakably. 
It was the only reliable method for giving a perfectly clear account of the 
presence or absence of this body. As a convention of counting, if even the 
smallest fragment was present the Bodo was considered to be unchanged. The 
modified Bodos were, for the purposes of the count, only those which showed 
no trace of the parabasal. 

The absolute numbers counted ranged from at least 100 from the films 
containing very few Bodos to 400 to 600 and above for those with greater 
numbers, and in addition occasional samples of more than a thousand were 
counted. The percentage of modified Bodos and also of divisions of both types 
were recorded and this data was correlated with that obtained in the survival 
tests. The material fixed and stained was very large and many hundreds of 
counts were made; this method is laborious but the results gave so good an 
analysis of what was happening upon the plates that my regrets have been 
almost entirely on the score of the gaps in the series. It became clear that 
the graphs of the modified Bodos gave a much more delicate account of the 
state of the cultures than the survival tests, but the two sets of data were 
supplementary and were never in conflict. 

I am indebted to many colleagues for kind help in the search for suitable 
drugs and particularly to Dr H. H. Dale for valuable advice in this and other 
matters. I have pleasure in acknowledging the gift of drugs from Prof. Carl 
Browning, the late Dr Roehl and Dr Hans Clark. I should like to thank my 
assistant, Mr Alfred Bunn, for his help in carrying out the work involved. 
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III. PropuctTIon OF ALTERED Bopos. 


It will be convenient to describe the behaviour of the Bodo strains in 
regard to the production of the altered individuals first, as this reaction is 
constantly referred to in the sequel. 

No permanently altered strain where the organisms were without para- 
basals was produced; the alteration was a transitory reaction of a strain to 
the presence of the drugs used. The actual altered Bodo was capable of dividing 
and of assuming the rounded-off resting state, but I have not found the con- 
ditions of its permanent culture. This is in itself a fascinating question and 
one which in view of the great advances made in recent years in the bionomics 
and physiology of the protozoa is probably capable of solution. 
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The altered Bodos themselves arise in two ways, firstly by the direct 
action of the drug upon the parabasal body and secondly by a modification 
of the division whereby the nucleus divides but the parabasal body fails to 
do so and there are thus produced one normal and one altered Bodo (see 
Fig. 1). Apparently the great majority of the altered forms arise by the 
direct action of the drug; this can be followed upon occasion in the living 
organism. The particular cases observed were individuals exposed to a high 
concentration of sanoflavin, but the appearances corresponded so accurately 
with what is seen in the stained material in the lower concentrations in 
acriflavine that I have little doubt that the process is the same. 


© 
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Fig. 1. Diagram of Bodo. A, normal type; B, aparabasal Bodo; C, division of aparabasal Bodo; 
D, division of a normal Bodo in acriflavine producing one normal and one aparabasal 
individual. 


In addition to the fragmentation and disappearance of the parabasal body the flagellates 
grown in acriflavine may show other changes. The parabasal body may be vacuolated and 
may also increase considerably in size until it is as large as the nucleus, it may also show 
a clear area in the centre with the red staining chromatin (in preparations treated by 
Feulgen’s nucleal reagent) arranged round the periphery. 

Fast strains growing in high concentrations of acriflavine may show a tendency to 
irregular division and to the formation of multinuclear monsters. These form only a 
very smull percentage of the total numbers; the great majority of the Bodos in a fast strain 
become perfectly adapted to the drug and develop normally. 


If an untreated strain is placed upon a plate of egg-Peters’ medium agar 
with acriflavine incorporated in a dilution of 1/1,000,000 and upwards, and 
the plate is then flooded with Peters’ medium containing a like concentration 
of acriflavine (this type of plate will be referred to in the sequel as the “in- 
corporated acriflavine plate”), altered Bodos without parabasals are produced 
within 24 hours. The peak of the count may often be attained in this period, 
but it is more usually reached on the second or third day, in some cases not 
till the fourth or fifth. The day of the peak seems to depend on the rhythm 
of division, but this has not been sufficiently investigated to be perfectly 
clear. The peak of the count in relation to the concentration in which it occurs 
is found, as will be shown later, to be the index of the sensitiveness of the 
strain to the action of the drug at that date. The peak count of untreated 
strains in 1/1,000,000 is about 70-75—80 per cent. A most important feature 
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in the reaction is that the lowest concentration in which the full reaction 
occurs gives the absolute maximum of altered forms produceable in the par- 
ticular strain at that date. That is to say, that if the strain produces 75 per 
cent. of altered Bodos in 1/1,000,000 incorporated acriflavine, it will in the 
same state produce no more aparabasal forms in the higher concentrations. 
The reaction in 1/1,000,000 and in 1/50,000 in regard to the maximum numbers 
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Graph 1. The ordinates denote the number of aparabasal Bodos in percentages. The abscissae 
denote the dates. E=the reaction of the Bodos in a 1/50,000 acriflavine incorporated plate; 
G= the reaction in 1/20,000. To show that once the critical concentration has been reached, 
no further response in the matter of aparabasal Bodos is obtained in higher quantities of 
the drug. See also Graph 8. 

Graph 2. E=reaction in 1/50,000 acriflavine incorporated plate; F=reaction in 1/20,000 acri- 
flavine incorporated plate; H=reaction in 1/5000 acriflavine incorporated plate. Partially 
resistant strain, showing low numbers of aparabasal Bodos in the various concentrations 
(Exp. 178). 

Graph 3. K=reaction in 1/2000 acriflavine incorporated plate. Highly resistant strain CN 213/9 
showing low percentage of aparabasal Bodos in 1/2000 acriflavine. 


of altered Bodos is the same. This applies equally to treated and untreated 
strains; if a treated strain which has become much less sensitive gives a 
maximum count in 1/50,000 incorporated acriflavine, it will show no higher 
figure in 1/10,000 or 1/5000. This is a fact of prime importance in the con- 
sideration of the state of sensitiveness of a partially resistant strain and in 
the observation of differences in natural capacity in untreated strains and in 
this work generally (Graph 1). 
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The application is obvious, namely that high concentrations may mask 
delicate but very important differences in the sensibility of the strain. In 
untreated strains the maximum reaction may already be found in cultures 
grown in 1/1,000,000 incorporated acriflavine—1/50,000,000 was found to give 
less than 5 per cent. of altered Bodos, while a concentration of 1/5,000,000, 
which was below the amount which produced the maximum in an untreated 
strain, gave a delicate means of distinguishing between the individual strains 
cultivated from the untreated mass culture. The analysis of these cultures is 
given below. 

A partially resistant strain put to grow in various concentrations will give 
an index of its sensitiveness by the number of altered Bodos produced. Thus, 
in lower concentrations a resistant strain shows no altered types; to quote 
an extreme instance the highly resistant CN 213/9 grew vigorously in a plate 
of 1/2000 incorporated acriflavine, and was so insensitive that it gave a 
maximum count of only 7 per cent. of altered Bodos in this high concentra- 
tion (Graphs 2 and 3). It will readily be seen how this combination of re- 
sistance, judged by survival and evolution, correlated with the count of altered 
individuals can be used to analyse the process by which resistance is acquired 
and also affords a means (as will be shown later) of evaluating the effect upon 
the strain of any given exposure to the drug. 

There is one phenomenon of a zone character in regard to the production 
of altered Bodos which must be mentioned, and that is that in very high 
concentrations untreated or relatively sensitive strains show a smaller number 
of modified Bodos because of the rapid death-rate. The extreme case is found 
in the lethal 1/1000 incorporated concentration in which up to the present 
even the most resistant strains cannot evolve, although they survive for two or 
three days; here the few Bodos found are all of the unaltered type, the process 
of alteration involving the death of the Bodo. 

It is a point of interest that in the tube experiments described above (see 
methods, p. 377), where the Bodos are placed for short periods in very high 
concentrations such as 1/600-1/200, the altered forms do not occur in the 
tubes, they occur in the survival plates in the first days where, of course, the 
flagellates are actually developing in a low concentration of the drug. 

The evolution of the Bodos on any given acriflavine plate, for example, 
an untreated strain in a low concentration of the drug, is as follows. The Bodos 
transferred grow in size and multiply and an altered count of anything up 
to the maximum is produced and maintained, with fluctuations and a general 
tendency to drop, for three to five days according to the rapidity of the 
evolution. In the later days the Bodos become small and die off and the 
count of aparabasal forms drops to a lower level to a half or a third of the 
peak number. If the strain, however, is in an actual concentration sufficient 
to kill any considerable number of the Bodos, the evolution is delayed in 
speed. The initial multiplication will occur rather slowly during the first two 
or three days and a number, up to the maximum, of altered forms are pro- 
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duced, there is then a reduction in the absolute numbers and the death-rate 
is greatest among the altered types. The evolution then takes up again, upon 
some occasions, after a considerable interval of time (up to 10 to 14 days or 
more) and the culture carries on into full or lower numbers according to its 
resistance. In such an evolution, where the strain has developed in a concen- 
tration near the upper limit of its resistance, the count of modified forms in 
the later stages is much lower than in such an instance as that given above, 
where a minimal concentration was used. 

The action of any significant amount of acriflavine is to reduce the rate 
of multiplication, an effect also found by T. B. Robertson (1925) with Enchelys; 
in an absolutely fast condition in regard to any concentration this reduction 
is not found, and the culture evolves at a rate dependent upon the amount of 
the inoculum. The diminution in number of the altered forms in the later 
stages of acriflavine cultures and their disappearance upon subculture into 
drug-free media seems to be brought about by death and overgrowth, that is 
to say that although a considerable percentage of individuals in division in 
the drug under certain conditions are of the altered type, they are unable to 
survive permanently in competition with the unaltered. The altered count 
in a subculture upon drug-free media of an acriflavine plate showing a high 
percentage of changed individuals may be as high as 50 per cent. 24 hours 
after subculture, but on the second day the number drops with great 
rapidity, in the case cited to 5 per cent. 

This is in close accord with Gonder’s (1912, 2) result with 7’. lewisi in rats injected with 
trypaflavin. He also finds that the trypaflavin fast strain is normal as regards its parabasal 
body (blepharoplast in his nomenclature) which agrees with what I have observed in Bodo 
caudatus. 

This is however not a general principle, as many workers describe strains of 7’. brucei which 
are entirely without parabasal body and which have been produced by the action of various 
orthochinoid substances to which they have become fast (Leupold (1925), Roudsky (1923), 
Kudicke (1912), Werbitzki (1910)). 


IV. ANALYSIS OF UNTREATED STRAINS. 


Before considering the drug-fast strains it is important to understand 
something of the capacity of the untreated flagellates to resist acriflavine. 
This seems to be a truism but it is a more complicated and difficult question 
than appears at first sight. The untreated mass culture in this instance was 
obtained by the isolation of a single individual from the wild culture—this 
was done in the autumn of 1926. The passage of time and the number of 
subcultures were so considerable that the mass strain in 1927 and 1928, 
although actually a clone, could no longer be considered in any way restricted 
in character as derived from a single individual. The mass untreated strain 
has shown certain definite limitations in its resistance. Thus in the tube type 
of experiment there has been no survival even after two minutes’ exposure to 
1/400 acriflavine. In the incorporated plate experiments there has been no 
evolution of the untreated mass culture in 1/5000 at any time. But there 
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was a very definite advance in the resistance of the mass culture during the 
course of the work. 

Thus, for example (Exp. 163), on 20. iii. 28 it was unable to evolve on a 
1/50,000 incorporated acriflavine plate, but (Exp. 164) carried out a languishing 
development very slowly and with low absolute numbers in this concentra- 
tion on 29. iii. 28. In Exp. 175 on 9. viii. 28 the resistance had lowered during 
a period of tube culture and there was no evolution in 1/50,000 acriflavine, 
but on 22. viii. 28 there was a languid evolution (Exp. 193) in 1/20,000 and 
finally on 30. viii and 25. x the culture, aided by being placed in the dark, 
evolved with difficulty in 1/10,000. 

In considering the resistance in these experiments it must be observed 
that a very small number of Bodos can produce a survival culture on the 
plates, therefore these tests are of a very searching character. 

I had always recognised that an apparent increase in resistance might simply 
be the clearing of the decks in favour of a small number of particularly 
efficient Bodos concealed in the mass of less capable creatures. 

The composition of the mass culture was therefore investigated by picking 
out six single individuals and testing the cultures so obtained. The isolation 
was carried out on 4. ix and all the individuals picked out gave cultures, 
so that there was no appearance that the actual process had in itself been 
a selection of creatures of high vitality. 

It has been observed in this work that strains started from single indi- 
viduals have, during at least the period of some months in which they 
have been under close observation, retained their characters in a recognisable 
degree and that was borne out also in this instance, though I do not expect 
that any clone character could be retained indefinitely in a non-selective 
medium against the spreading force of normal variation. 

The six new untreated cultures were tested in various ways; owing to the 
immense amount of labour involved they were not all tested in all the direc- 
tions, but complementary trials were made and very consistent results were 
obtained. One of these cultures CNA (at the first subculture from the isola- 
tion plate) was tested for survival in the tube type of experiment in 1/400 
acriflavine and a survival plate with low numbers and a slow evolution was 
obtained after exposure for 60 minutes (CN 216/4), the next plate after 
90 minutes was negative. 

This is a very notable advance upon the capacity of the mass culture, 
which, as already stated, was never able to survive even after two minutes’ 
exposure in this concentration. CNA was unable to survive exposure to 1/200 
acriflavine. Tested for evolution in the incorporated acriflavine plates of 
different concentrations, the six cultures arranged themselves very definitely 
as of different capacities. CNE and CNC were resistant cultures giving an 
evolution, after considerable delay, in 1/5000; of these CNE was the more 
resistant, as in spite of the very slow start the culture developed in large 
numbers, actually proceeding to the formation of the resting types. The 

















MuriIEL RoBERTSON 385 


importance of the delayed evolution and its significance in resistance is 
discussed later. CNE and CNC were therefore definitely above the best per- 
formance of the mother culture. CNA tested on three occasions (11. ix, 15. x 
and 25. x), gave a poor development in 1/10,000 and failed always in 1/5000; 
one of these tests ran concurrently and under exactly the same conditions as 
the test of CNE and CNC and the parent strain CN (also CNF, CND and 
CNB). CNA is particularly interesting in that its resistance is higher than 
the strain CN in the tube test, but not much better in the incorporated plate 
test. This is probably due to its more homogeneous make-up, the great numbers 
lying nearer the resistant type than in the mass culture. Its lesser sensitive- 
ness is also shown, as will be seen later in the graphs of the count of altered 
Bodos. CNF evolved with difficulty in 1/10,000 acriflavine incorporated, and 
appears to be of the average resistance of the mother culture at the date of 
isolation. CND only barely evolved in 1/10,000; it was so poor a development 
that it indicates a resistance below that of CNF and of the mass culture at 
this time. At the bottom of the scale came CNB, which developed rather 
slowly in 1/20,000 and failed entirely in 1/10,000. CNB is below all the other 
five strains isolated at the same time and also below the parent strain at the 
date of isolation; it was however just about of the value of the parent strain 
on 23. v (Exp. 171) and on 22. viii (Exp. 193) and above it in the tests of 
‘29. ili and 9. viii. 

A further means of comparison between these strains was got from the 
counts of the altered Bodos produced in the acriflavine plates. 

CNA and CND and the mass culture CN were put, on 5. xi. 28, to grow in 
a series of incorporated plates containing 1/50,000,000, 1/5,000,000, 1/1,000,000 
and 1/250,000 respectively. The important concentration in revealing the 
distinction in the quality of the three strains is 1/5,000,000 (B in Graph 4). 
This arranges the strains in the same order as the survival and evolution in 
the plates mentioned above in the high concentrations; the two sets of ex- 
periments were carried out within a fortnight of each other. 

CNA, the most resistant, gave a peak count of 25 per cent. in 1/5,000,000, 
the parent strain CN gave 36 per cent. and the most sensitive of the three, 
CND, gave a peak of 54 per cent. It should be noted that there is no significant 
distinction between the strains as regards the peak counts in the higher 
concentrations. The finding of the critical concentration for the particular 
state of resistance of the strain is of. the greatest importance in this kind of 
test (see p. 381). 

From the above it is clear that the untreated mass culture is composed 
of individuals of varying resistance, and, moreover, that these individuals, 
when removed from the competing mass, give rise to offspring of a like cha- 
racter to themselves, at least to the extent of producing strains whose behaviour 
in resistance has a certain definite degree of permanence. This quality will 
be retained until external circumstances or the internal competition of the 
play of variation once more changes the character of the strain. 
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The variation in resistance of the untreated mass culture would appear 
to be due to the prevalence of individuals of greater or less capacity—the 
competition within the clone will account for this and it must be remarked 
that the numerical make-up of the strain in regard to the various types within 
the general range of variation will vary. The changes in the resistance of the 
untreated mass culture were here definitely within the capacity of the natural 
variation and in considering drug-fastness as an actual modification of the 
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Graph 4. B=1/5,000,000; C=1/1,000,000; D=1/250,000; acriflavine incorporated plates. The 
graphs of the percentages of aparabasal Bodos produced in three untreated strains. The 
mass strain CN and two isolation clones CNA and CND. The concentration B reveals the 
different degrees of natural sensitiveness of the three strains. 


individual as distinct from a shifting of the composition of the clone from 
one part of the natural scale to another, this very important fact has to be 
reckoned with and taken into account. 

Examples of this difficulty in drug-fast trypanosome strains are shown 
both in the work of Reichenow and Regendanz (1927) and that of Duke (1927). 
These workers find that passage through the insect host does not destroy the 
drug-fast character of the strain. But in both these cases the drug-resistance 
of the untreated strains had moved in the direction of greater resistance 
during the course of the experiments. The difficulties in estimating the natural 
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arsenic resistance capacity of untreated trypanosome strains exposed to the 
stormy conditions of life in the blood of animals, such as the rat (with 7’. lewis?) 
and the monkey in Duke’s experiment, where some considerable degree of 
resistance exists, can hardly be overestimated. The different degrees of natural 
resistance in the composition of an untreated strain were shown by Jollos 
(1921) in his work on Paramaecium. 


MourI£eL ROBERTSON 


V. DRvUG+RESISTANT STRAINS. 


I now wish to consider the drug-resistant strains, and after the preceding 
section it may well be asked if there is any actual production of drug-resistance 
as distinct from the selection and cultivation of naturally talented individuals. 
When all due weight is given to the factors detailed above, it appears 
nevertheless that a quite clear modification in the direction of resistance does 
take place. The highest resistance in any untreated strain in the incorporated 
plates was a difficult and slow evolution in 1/5000 acriflavine, while the 
highest resistance obtained in a treated strain was good growth in continuous 
subculture in 1/1500 acriflavine incorporated plates. The best survival in the 
tube experiments of an untreated strain was 1/400 for 60 minutes (negative 
at 90 minutes, CN 216/4). The best possible survival of the most resistant 
strain was not actually sought in the tube experiment, but one resistant 
strain 149 (8) at the 15th subculture upon drug-free media (extending over 
126 days’ growth) survived exposure for 135 minutes (negative at 150) to 
1/200 acriflavine. I give these figures here to show that, however obtained, the 
performance of the treated strains greatly exceeds that of the best untreated. 

The behaviour of a strain in the process of becoming drug-fast by cultiva- 
tion in the presence of the drug can be studied from various points of view. 
I propose to consider first the changes produced in low concentrations where 
survival is quite certainly assured. To give an example from a number of 
similar observations: an untreated culture was placed on an acriflavine flooded 
plate of 1/100,000 (a plain egg-Peters’ medium agar plate flooded with 10 c.c. 
of 1/100,000 acriflavine) ; the count of modified Bodos on this plate (CN 202 A) 
was 71 per cent. on the first day, 77 per cent. (the peak) the second day and 
76 per cent. on the fifth day. By the seventh day it had fallen to 36 per cent., 
the plate was now in the regressed state and the evolution had been vigorous. 
Towards the end of the first day’s growth, when the count was 71 per cent. 
and when the Bodos had been exposed for less than 24 hours to this low con- 
centration, a subculture into drug-free medium was made (CN 202 A Ist sub.). 
When this had gone through a vigorous evolution it was subcultured on the 
sixth day on to the same concentration of acriflavine as on the first plate, 
namely a 1/100,000 acriflavine flooded plate (CN 202 ASA); the peak count 
of modified Bodos on the second day was now 37 per cent. and by the fourth 
day it had fallen to 20 per cent. (Graph 5). 

That is to say, that a perfectly sensitive untreated strain placed in this 
low concentration for less than 24 hours had so altered its make-up that 
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placed again (after an interval of six days on drug-free media) in the same 
concentration only 37 per cent. of modified Bodos were produced at the peak 
count instead of 77 per cent. as in the original strain, i.e. the numbers had been 
reduced by one-half. Further culture in any one concentration produces at the 
third or fourth passage a minimal number of modified Bodos in that concen- 
tration, finally not more than 2 or 3 per cent. and sometimes even less. 
Another example of this action of low concentrations of the drug may 
be given; a culture grown once in sanoflavine had lost some quite slight 
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Graph 5. To show the loss of sensitiveness, as shown by the reduction in the number of apara- 
basal Bodos produced, of an untreated strain upon a second exposure to the same concen- 
tration of the drug (1/100,000 acriflavine). The dotted line is the first subculture upon drug- 
free medium (Exp. 202). 

Graph 6. To show the loss of sensitiveness upon exposure to the same concentration (1/100,000) 
of acriflavine. The dotted line represents the first subculture upon drug-free medium 
(Exp. 201). 


degree of sensitiveness (CN 201) as compared with the untreated strain, trans- 
ferred on to a 1/100,000 acriflavine flooded plate on the same day as CN 202 
just described and under parallel conditions produced 70 per cent. of modified 
Bodos in 24 hours. At this poiutasubculture was made into drug-free medium; 
in this the count of aparabasal Bodos as usual fell rapidly and on the third 
day it was 6 per cent. and on the fifth day 1 per cent. On the sixth day a 
subculture was made on to a 1/100,000 acriflavine flooded plate, that is, the 
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Bodos were placed in the original concentration and this culture, CN 201 ASA, 
_ reached on the second day a peak count of only 32 per cent. which amounts 
to a drop of 54 per cent. (upon the original maximum) at the second exposure 
(Graph 6). 

The exact percentage of the drop in the count of modified Bodos upon 
re-exposure to the same concentration of acriflavine varies according to the 
conditions, and, in the higher concentrations, the operation of a more catas- 
trophic death-rate brings about a more rapid reduction. Moreover, in the 
higher concentrations, the peak drops usually more steeply within the course 
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Graph 7. E=1/100,000; J =1/5000; acriflavine incorporated plates. Resistant strain insensitive 
to 1/100,000 acriflavine, but still showing considerable numbers (47 per cent.) of aparabasal 
Bodos in 1/5000 acriflavine. 


of one actual evolution upon the plate so that a count taken late in the cycle 
upon an individual plate shows a low percentage. Exposure to a concentra- 
tion higher than the one to which the culture has become acclimatised pro- 
duces a rise in the count corresponding to the increase in the drug, and a high 
(though not the full) count of modified Bodos may remain in a high concen- 
tration in a culture quite insensitive to a very low concentration. 

The series CN 214/8 of 15. x to 19. x. 28 affords an example of this; the 
culture had been made resistant by various exposures and, tested in a series 
of incorporated plates rising from 1/100,000 incorporated acriflavine to 1/5000, 
gave a count of less than 2 per cent. in 1/100,000 and showed a peak of 
47 per cent. in 1/5000 (Graph 7). A full sensitiveness in the higher concen- 
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trations may be found with a relative lack of response in the lower, but a 
real absence of reaction in this respect in, for instance, a 1/100,000 incorporated 
acriflavine plate will always show a lowering of the peak count in some degree 
in all the higher concentrations. 

From these examples it is clear that growth in very well-tolerated amounts 
of acriflavine greatly alters the character of the strain in the matter of the 
numbers of Bodos susceptible to the loss of the parabasal body in the presence 
of the drug. 

CN untreated mass stratn 27/3/28 
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Fig. 2. Genealogical table of the acclimatisation of the untreated mass strain CN, at a sensitive 
period, to growth upon incorporated acriflavine plates of various concentrations (CN 164). 
The capital letters are the designations of the various cultures. The concentrations are indi- 
cated in each case. The date of the culture is written beside the designation. The cultures 
which fail to evolve are marked; all others evolve. 


The tracing of increase of survival capacity in the evolution upon plates 
of incorporated acriflavine is of interest. The examples are taken from the 
untreated mass culture CN in a series of experiments beginning on 
29. ili. 28. The culture was placed on acriflavine incorporated plates rising 
from 1/100,000 (Fig. 2). There was no evolution in 1/30,000, nor could 
the Bodos even be rescued by transferring them into drug-free medium. 
There was a feeble and difficult evolution in 1/50,000, which however suc- 
ceeded eventually. In 1/80,000 evolution was likewise slow and difficult, and 
here was shown also that very important phenomenon to be discussed later 
of a culture which will not evolve when subcultured into the same concen- 








ex 
be 
ca 
CO 
m 
lat 


sti 
th 


Or 














391 


tration of the drug at an early period in the evolution of the plate, but which 
will give a successful passage of this kind at a later stage in the life of the 
same plate. There was evolution of the untreated CN in 1/100,000 (CN 164 £) 
and direct passage again into this concentration succeeded without difficulty. 

This culture, CN 164 £, grown for five days in 1/100,000 acriflavine in- 
corporated, then passed for four days on to drug-free medium, gave evolution 
when placed in 1/30,000 but failed in 1/20,000. CN 164 E (1), which had been 
exposed twice in succession on 1/100,000 acriflavine, when passed directly 
on to 1/20,000 failed to evolve in this concentration, and CN 164 £ (2), 
exposed three times in succession to 1/100,000 acriflavine and passed directly 
on to 1/10,000, also failed to grow. The untreated culture exposed to 1/50,000 
(CN 164 G) for five days and then passed for eight days on to a plate without 
acriflavine, failed to evolve when put on to a 1/20,000 acriflavine plate but 
evolved in 1/30,000, and this culture when passed after 24 hours on to 1/20,000 
succeeded in developing. 

These are examples of acclimatisation illustrative of the general principles 
involved and are valid in detail for the state of the mass culture at that date. 
But other more rapid increases in resistance were got on other occasions. For 
instance, the untreated mass culture CN on 30. viii, when the plates were 
put in the dark as soon as inoculated, gave in the first instance a slow and 
feeble evolution in 1/10,000 and failed in 1/5000. (See above for difference in 
resistance of untreated culture.) The 1/10,000 culture CN 202 G, grown again 
in 1/10,000 altogether over 36 days, evolved when transferred directly into 
1/5000. After 10 days in this concentration it succeeded in evolving in 1/2500 
acriflavine. 

A gradual acclimatisation produced cultures that would live indefinitely 
in 1/2000 acriflavine and also in 1/1500, but these were not continued for so 
long a period, though there is no reason to suppose that they would behave 
differently from the cultures in 1/2000. No development has been obtained 
in 1/1000 incorporated acriflavine. 

The tube experiments, where cultures at various stages of resistance were 
exposed for varying periods in small tubes in very high concentrations, could 
be used both as a test of and as a means of increasing resistance. The test, 
carefully carried out, distinguished delicately between different cultures and 
correlated particularly well with the counts of the aparabasal Bodos. This 
method was very valuable too in testing the loss of resistance to be considered 
later on. 

I shall deal first with the tube experiments as a means of detecting re- 
sistance and in distinguishing between cultures. 

The distinction between the untreated mass culture and the isolation 
strain CNA has already been referred to (see p. 385). In another series 
the untreated mass culture had been exposed for four days (ix. 28) to 
@ low concentration, 1/500,000, on an acriflavine flooded plate (CN 209 A). 
On the fourth day a subculture in normal medium was made (CN 209 4, 
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Ist sub.) and on this day a successful single isolation (CN 209 AG) from the 
acriflavine plate was also made. The subcultures in normal media from these 
two were tested in 1/400 acriflavine tubes. The mass culture CN 209 A gave 
survival after 60 minutes and failed to multiply after 90 minutes, although 
live Bodos were seen on this for the first few days. CN 209 AG, the single 
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Fig. 3. Genealogical table of the acclimatisation of the untreated mass strain, at a less sensitive 
period, to growth upon acriflavine incorporated plates (CN 202). The capital letters are the 
designations of the cultures. The concentrations of acriflavine are indicated in each case. 
The culture @ 30/8 evolves slowly and with difficulty. G@(1)HKL of 15/11 in 1/1000 
acriflavine fails. 





isolation culture, survived after 90 minutes and showed living Bodos upon 
the plates made at 120 and 150 minutes, but failed to multiply. The isolation 
culture again showed the advantage of the narrower range of forms and it 


should also be observed that the fact of an isolation from an acriflavine plate 
having afforded a culture at all is already a sign of a vital Bodo (see p. 379). 
In addition the period between the isolation and the test was short—the 
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culture used was the first subculture from the isolation plate. It is also 
interesting to notice here the value of this short exposure of four days in so 
low a concentration of the drug as exists upon the flooded type of plate of 
1/500,000 in raising the resistance to this severe test. The untreated mass 
culture CN gave no survival on the same occasion and CNA, an untreated 
isolation from CN, survived for 60 minutes, while the single isolation CN 209 AG, 
as just stated, survived for 90 minutes. 
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Graph 8. E=1/100,000; F=1/50,000; G=1/20,000; H=1/10,000; J=1/5000; acriflavine in- 
corporated plates. To show the sensitiveness of the clone 209 AG. Note that the response 
as gauged by the production of aparabasal Bodos is the same in concentrations 1/50,000 to 
1/5000. 

Graph 9. E=1/100,000; F=1/50,000; G=1/20,000; H=1/10,000; J=1/5000. To show the 
diminution in sensitiveness of the clone 209 AG@ tested after exposure to 1/400 acriflavine 
in a tube experiment for 5 minutes (CN 223/1). 


The effect of the exposure in the tube in raising resistance was shown in 
the graphs of the counts of the modified Bodos and also, though less sensitively, 
in the power to develop upon acriflavine incorporated plates of various con- 
centrations in a subsequent series of experiments. 

CN 209 AG, the isolation culture cited above, gave on 15. x. 28 high 
counts, all above 76 per cent., in the concentrations from 1/50,000 upwards 
and showed only very slightly less high in 1/100,000, namely 71 per cent. The 
same culture exposed on 21. ix. 28 to 1/400 acriflavine in a tube experiment 
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for 5 minutes, CN 223/1, after growing out in normal medium was tested 
through the customary range of plates also on 15. x. 28 and gave a peak 
count for 1/50,000 of only 7 per cent. instead of 77 per cent. and for 1/5000 
only 45 per cent. instead of 79 per cent. (Graphs 8 and 9). Comparing 
CN 223/1, which is the isolation culture CN 209 AG exposed for 5 minutes in 
the acriflavine 1/400 tube and CN 223/5, which is the plate from this tube 
after 90 minutes, CN 223/5 grown in 1/20,000 gives a count of only 3 per cent. 
and in 1/10,000 of only 11 per cent. The longer exposure of this recently 
isolated clone had very materially lowered the sensitiveness. 

All these three (CN 209 AG, CN 223/1 and CN 223/5) evolved in 1/5000 
and failed in 1/2000 incorporated acriflavine, but the speed and vigour of 
the development were different and very definitely to the advantage of the 
cultures exposed in the tube, and of these the plate of the culture exposed 
for the longer period which was least sensitive as shown in the count (CN 223/5) 
gave the most rapid and numerous development. 

Out of a number of these experiments, which all worked out along the 
same lines, I select two; the first because it produced the highest subsequent 
resistance and the second because it is an excellent example of an instance 
of a very severe exposure having a sensitising effect. 

In the first of these a resistant culture CN 149 H (8), which had been on 
drug-free media for 142 days (17 subcultures), was exposed to 1/400 acriflavine 
in a tube experiment—it survived for 240 minutes without endpoint. The 
survival cultures, CN 213/9 and CN 149 H (8), were tested for growth in 
various concentrations and counts were made. CN 149 H (8), already re- 
sistant, gave relatively low counts; the peak in 1/100,000 was 18 per cent. 
and in 1/5000 was 31 per cent.; it evolved well in 1/5000 but failed in 1/2000. 
CN 213/9 gave a count of less than 1 per cent. in the plates from 1/100,000 
to 1/20,000 and in 1/2000, in which it evolved rapidly and vigorously, the 
peak count of modified Bodos was only 7 per cent. (Graphs 10 and 11). The 
resistant strain CN 149 H (8) had had its potency very definitely raised by the 
exposure to 1/400 for 4 hours, as shown both by the reduction in the number 
of Bodos deprived of the parabasal body by exposure to the drug in the sub- 
sequent experiment, and by the power to evolve in the high concentration of 
1/2000 in an acriflavine incorporated plate. 

In the second experiment this same strain, CN 149 H (8), was exposed to 
1/200 acriflavine on 22. ix. 28 and the survival plate, made after 135 minutes, 
evolved with considerable difficulty; this is the highest survival recorded in 
this type of experiment, but it is certainly not anywhere near the highest 
possible. The resulting survival culture, CN 227/6, after being subcultured 
twice on normal media, gave very vigorous growth on these plates; but on 
being tested for evolution in the acriflavine incorporated plates upon two 
occasions (at the second subculture and at the sixth) gave a poor account of 
itself. It evolved feebly and with difficulty in 1/5000—less vigorously than 
CN 149 H (8)—and failed in 1/2000. The graphs of the counts are disappointing, 
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as an insufficient number of preparations had been made and these were re- 
duced by the occurrence of a few accidental failures in the staining, but the 
points obtained are significant. A 24-hour count of the 1/20,000 plate gave 
12 per cent. of modified Bodos and of the 1/10,000 plate on the fourth day 
the count was 23 per cent. These are unexpectedly high (and one cannot 
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Graph 10. E=1/100,000; F=1/50,000; G=1/20,000; H=1/10,000; J=1/50,000. To show the 
state of a mass resistant strain (149 H (8)) after 142 days on drug-free medium (CN 232). 


Graph 11. H=1/10,000; K =1/2000; acriflavine incorporated plates. To show the almost com- 
plete insensitiveness of the strain 149 H (8) shown in Graph 10 after exposure to 1/200 
acriflavine in a tube experiment for 240 minutes (CN 213/9). 

Graph 12. G=1/20,000; H =1/10,000. To show the reaction of 149 H (8) after exposure to 1/200 
acriflavine in a tube experiment for 135 minutes (CN 227/6). Note that it is more sensitive 
than in Graph 11. 


know if they are peak counts) in comparison with the counts of CN 149 H (8) 
and very much higher than those for CN 213/9, which is the survival of 
CN 149 H (8) after 240 minutes in 1/400 acriflavine (see Graphs 10-12). 

The higher exposure has produced, even after vigorous growth in subcul- 
ture, a strain which was not enhanced in resistance. This will be discussed 
later when the mechanism of the acquisition of resistance is dealt with. 
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VI. Loss OF RESISTANCE. 


As a general statement no culture raised to any considerable resistance 
has entirely lost its advantage so far as tested; on the other hand, the trend 
of change is downwards upon prolonged subculture. 

The degree of fastness that can be produced has not in my experience 
reached a limit in respect of the extent to which the character can be im- 
pressed upon a strain. This is of course not a matter of the limit in concen- 
tration that can be withstood—that stands at present quite sharply at 1/1000 
as the concentration in which actual evolution upon the plates will not take 
place, although the Bodos survive in fair numbers in resistant strains for 
24 hours or even longer. 

A mass resistant strain retains its character substantially, though not 
entirely unchanged, for at least 44 months of culture upon drug-free media; 
these fast cultures moreover reacquire further fastness after months of sub- 
culture in normal media with great rapidity and vigour. 

If a resistant culture is run continuously on drug-free media there is an 
appreciable diminution of its quality. The key to this is given by the be- 
haviour of single isolations from resistant cultures. In the instances tested 
there is a tendency to find a lowered resistance in the isolation cultures 
compared with the mass resistant strain and further loss occurs more quickly. 
This is in accord with the conception that the resistance is impressed upon 
the organisms and while heritable is not a genetically fixed character, and is 
undergoing what might be called dilution upon multiplication. The isolation 
cultures are at first, as is shown above, of a more homogeneous make-up than 
the mass culture, but equally as the thousands of individuals are derived 
from one cell in a relatively short space of time the dilution will tend to be 
greater. 

The following experiments illustrate these general statements. 

On 21. ii. 28, CN 149 (10) A was put upon drug-free medium after 
a long career in acriflavine flooded plates, it was grown for 12 subcultures 
(80 days) and then tested twice (on 11. v and 12. v) for evolution in 1/5000 
acriflavine incorporated plates. The strain developed in this concentration 
but failed in 1/2000. At the 13th subculture upon normal medium (81 days) 
two single isolations were made, 149 S (13) # and 149 S (13) B. Tested on 
21. v. 28 for evolution in acriflavine incorporated plates, 149 S (13) B evolved 
slowly in 1/5000 and failed in 1/2000, while 149 S (13) Z evolved with difficulty 
in 1/10,000 and failed in 1/5000. The isolation B was nearly as good as the 
parent mass resistant culture, and the isolation E was less good but better 
than the untreated mass, which at that period gave slow evolution in 1/20,000 
but failed in 1/10,000. 

On 7. viii, 78 days from this last test and 168 days (19th subculture) 
since the mass strain was put upon drug-free medium, another test was made 
with the mass strain CN 149 (10) A and the isolation culture #, the mass 
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(CN 176) evolved in 1/5000 a little slowly, but in very much the same way 
as in the test in May. The isolation Z however had lost some of its resistance 
in this time and evolved with difficulty and very slowly in 1/20,000, failing 
in 1/10,000, and the isolation B tested (CN 180) three days later also showed 
some loss, evolving with difficulty in 1/10,000. It is interesting to note here 
that the resistance in both the isolation cultures had suffered a diminution 
greater than that of the parent strain and moreover the two isolation strains 
have retained their relative positions, B being more resistant than HE both in 
the May and in the August tests. 

The graphs here supply very important data, the mass strain CN 149 (10) A, 
whose resistance has just been described above, tested at the 5th subculture 
on normal medium (45 days) gave 40 per cent. modified Bodos (CN 149 SZ- 
SK series) in 1/10,000 incorporated acriflavine and a peak of 55 per cent. in 
1/8000. Tested again on 12. v at the 12th subculture (after 80 days) on drug- 
free medium this culture gave (CN 149 S (12) P and Q series) peak counts 
of 47 and 50 per cent. respectively in 1/10,000 and 1/5000 acriflavine 
incorporated plates, showing only a very slight increase in sensitiveness. At 
the 13th subculture the isolation B described in the foregoing paragraph, and 
whose resistance judged by the growth in 1/5000 acriflavine was nearly though 
not quite as good as the parent, showed a much higher percentage of apara- 
basal Bodos than the parent culture, namely 61 and 78 per cent. in 1/20,000 
and 1/10,000 (Graphs 13-15). It is important here to notice that the survival 
could be achieved by the balance percentage of resistant individuals although 
the composition of the clone is moving in the direction of the non-resistant 
type. I would like to call particular attention to this as it affords data which 
explains certain phenomena described in drug-fast strains of trypanosomes. 
The mass culture CN 149 A (10) at the test in August referred to above, 7.e. 
at the 19th subculture (CN 176) and after 168 days upon drug-free medium, 
although as regards survival it showed little difference from its condition 
in May, had nevertheless become more sensitive and gave a peak count of 
76 per cent. in 1/20,000 and 57 per cent. in 1/50,000 (Graph 16). The state of. 
the culture is still considerably less sensitive than the mass untreated culture, 
but it has altered its composition in regard to the relative numbers of Bodos 
capable of resisting the action of the drug as shown by the greatly raised 
count of aparabasal individuals (Graphs 13-16). 

It is clear, as mentioned in the section on methods, that the count of apara- 
basal Bodos is a much more delicate test of the state of the strain than the 
survival on plates of any given concentration. 

A more resistant strain, CN 149 H (8), had been made by carrying on 
CN 149 A (10) after two subcultures on drug-free media on to further 
acriflavine on 2. iii. 28 and into 1/5000 incorporated acriflavine on 5. iv. 
It was grown continuously for 44 days in this high concentration and on 
19. v was put upon drug-free medium. This is the highly resistant culture 
which was described in the last section. It had had the character very strongly 
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impressed upon it at 1/5000 acriflavine and tested (Exp. 178) after 82 days on 
drug-free medium, showed no hesitation in developing upon this concentra- 
tion. It was unable to develop in 1/2000 on 15. x. 28; it had been tested in 
this amount of acriflavine on 19. v, which was the date of the subculture 
of CN 149 H (8) on to normal medium, by direct passage from the 1/5000 to 
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Graph 13. J=1/10,000; K=1/8000; acriflavine incorporated plates. Partially resistant strain 
149 A (10) after 45 days on drug-free medium (149 S K—J). 

Graph 14. P=1/10,000; Q=1/5000; acriflavine incorporated plates. Partially resistant strain 
149 A (10) after 80 days on drug-free medium (CN 149 S (12) P and Q). 

Graph 15. F=1/20,000; G=1/10,000; acriflavine incorporated plates. Single cell isolation 
clone B from 149 A (10) on 13. v. 28, tested as above on 21. v (CN 1498 (13) B). Note 
sudden increase in sensitiveness compared with Graphs 13 and 14. Clone B is here tested 
8 days after isolation and a total of 89 days since the parent culture was exposed to acri- 
flavine. 

Graph 16. E=1/50,000; F=1/20,000; acriflavine incorporated plates. Partially resistant strain 
149 A (10) after 168 days on drug-free medium. 


the 1/2000 acriflavine incorporated plate and had developed without hesita- 
tion. There was therefore some loss in the resistance in the intervening 149 days, 
though it was still, as has been shown in the preceding section, a highly re- 
sistant culture. Incidentally it may be remarked that the step from developing 
in 1/5000 to 1/2000 is clearly a serious one and the capacity when only present, 
but not fixed by actual evolution in that concentration, is probably easily lost, 
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Five single isolations were made from CN 149 H (8); after 108 days upon 
drug-free medium three of these were tested; the isolation culture G could 
develop rapidly in 1/5000 and appeared to be the equal of the parent: strain, 
the test being made immediately upon isolation. The isolation cultures B 
and E were tested with the parent for survival in 1/400 in a tube experiment. 
They all survived up to the 9th plate, that is for 240 minutes, without end- 
point, but the parent strain gave a rapid growth with high numbers on all 
the plates; Z gave a strong and numerous evolution, but after a definite delay 
in the later plates, while B developed slowly and with low numbers in the 
last plates. The parent strain had here the advantage, and of the isolations 
E was better than B. 

The parent strain and the B isolation were again tested together in the 
tube type of experiment in 1/200 acriflavine; here the parent survived with 
difficulty to the 6th plate made after 135 minutes, while failing to survive 
after 150 minutes; and the isolation strain B evolved with difficulty after 
60 minutes and failed after 90 minutes. The power of survival was clearly 
greater in the parent culture. It may be remarked that the strain B showed 
also the phenomenon mentioned in the previous section, namely the failure 
to raise the resistance by exposure to this very high concentration. 

The graphs of the modified Bodo counts of CN 149 H (8) and of the 
isolation strain B are also of interest in showing that, though slight, there is 
a progressive increase in the sensitiveness of the parent culture and a very 
definite and sudden change in this direction in the condition of the isolation 
strain B. The strain CN 149 H (8), tested on 9. viii (CN 178) when it 
had been for 82 days upon medium free from acriflavine, gave a peak count 
in 1/50,000 of only 7 per cent., in 1/20,000 of 11 per cent. and of 20 per cent. 
in 1/5000. Tried again on 15. x, after 149 days on drug-free medium 
and after 17 subcultures, a count of 20 per cent. was got in 1/50,000 and 
31 per cent. in 1/5000. The B isolation strain (CN 231) from CN 149 H (8) 
was tested also on 15. x. 28, that is after 145 days on normal medium and at 
the fourth subculture (41 days) from the isolation. The counts are in quite 
another category; 1/50,000 gives 38 per cent. of modified Bodos and 1/5000 
shows 73 per cent. The strain can however still be distinguished quite definitely 
from, for instance, the untreated isolation strain CNA 2 (separated from the 
untreated mass strain CN) tested in incorporated acriflavine plates on the 
same day (15. x), not only by its very much higher survival in the tube ex- 
periments, but (see above and p. 381) also by the counts in the plates of lower 
concentration. Thus there are 14 per cent. of modified forms in 1/100,000 in 
the strain 149 H (8) isolation B against 68 per cent. in this concentration in 
CNA 2, though, as noted before in the higher concentrations, the counts are 
practically equal and the distinction, which is really very considerable, would 
be masked if only these were present (Graphs 17-20). 

The increase in sensitiveness in the isolation from the resistant culture 
would accord with the dilution theory of loss. 
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A point may be mentioned here as to the effect of a period of growth in 
the Peters’ medium tubes instead of upon the plates; as mentioned before, 
the tube cultures enter into periods of depression, the resistant cultures seem 
to lose resistance less rapidly in the tubes and the depression periods have no 
rapid effect in the diminution of resistance. The untreated strains, on the other 
hand, tend to return to the sensitiveness shown in the earlier tests after a 
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Graph 17. E=1/50,000; F=1/20,000; H=1/5000; acriflavine incorporated plates. Resistant 
mass strain 149 H (8) after 82 days on drug-free medium (CN 178). 

Graph 18. F=1/50,000; G=1/20,000; J=1/5000; acriflavine incorporated plates. Resistant 
mass strain 149 H (8) after 149 days on drug-free medium (CN 232). 

Graph 19. E=1/100,000; F =1/50,000; G =1/20,000; J = 1/5000; acriflavine incorporated plates. 
Single cell isolation clone from strain 149 H (8) on 4. ix. 28 after a total of 149 days on drug- 
free medium (CN 231). 


Graph 20. E=1/100,000; H=1/10,000; J=1/5000; acriflavine incorporated plates. Single cell 
clone from untreated mass strain (CNA 2). 


period of tube culture. These results are not surprising; the depression does 
not affect the specific acriflavine fast quality of resistant individuals, it merely 
checks division and delays the dilution by multiplication, which we have seen 
is apparently one of the means of the loss of resistance. In the untreated mass 
culture the period of depression alters the composition of the clone a little 
owing to the reduction of competition within it brought about by the very 
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rapid multiplication upon the plates, and this alteration seems to be in favour 
of the original “wild”? make-up. 

The loss then that occurs in the resistance of a fast strain may I think be 
considered to be due in part at least to the fact that the absence of the drug 
allows the natural downward spread of variation in regard to resistance, 
which had been sharply cut off by the high concentration, to assert itself 
with a consequent gradual alteration of the composition of the clone, and, in 
addition, the modification impressed upon the individuals suffers a diminution 
by the intensity of multiplication. The creation of a culture from the isolation 
of a single individual from the resistant mass strain greatly increases the 
rapidity of both processes, in the first place by removing the competition 
with the great number of acriflavine fast Bodos and so allowing the downward 
variants more room, but probably much more by the catastrophic amount of 
multiplication that the actual substance of the isolated Bodo undergoes in 
creating a numerous culture in the course of about 10 days. 

It is possible also that the variants towards the normal type (that is 
towards loss of resistance to acriflavine) may be more viable in competition 
and that there is some degree of overgrowth by the non-resistant. Oehler 
(1914, 1) found that the drug-fast trypanosomes had a lesser capacity for 
multiplication and in competition with the untreated strain were regularly 
overgrown. The following may also be quoted from Rosenthal (1913) writing 
about the loss of the acquired individuality in recidive strains: “‘ Die erworbenen 
Rezidivstammeigenschaften brauchen nicht dauernd vererbt zu werden. Der 
Riickschlag des Rezidivstammes zum Ausgangsstamm muss jedoch nicht auf 
einem Riickschlag aller Parasiten beruhen, sondern kann sich auch bei 
Anwesenheit echter Mutationsformen durch Uberwuchern von Trypanosomen 
vom Variationstypus, die zum Normalstamm zuriickschlagen, vollziehen.” 
The use of the word mutation in this quotation would no longer be admitted, 
but competition among the variants is clearly indicated. 
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VII. Discussion OF THE MECHANISM. 


In the analysis of the mechanism by which drug fastness is acquired, it is 
clear that in all the three types of experiment used there is growth in some 
concentration of the drug. I was at first inclined to consider that the tube 
experiment could be held to be a killing off of the less resistant and that the 
survival plate was quite simply a family deprived of its weaker members. 
This undoubtedly takes place, but it is not the only result. It is equally clear 
that the various types of experiment have all a selective action and that 
primarily there will be a direct choosing out of the upper end of the natural 
range of variants in regard to the resistance of acriflavine. The fact that 
resistance can be raised so considerably above the performance of the best 
untreated strain‘can be held to be evidence of the acquisition of a definite 
heightened capacity; but the criticism could be made that there was an 
undetected small group at the extreme upper end of the untreated clone that 
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already had this resistance. On the other hand, in considering the performance 
of the untreated strain and its isolations it is not altogether a correct inter- 
pretation to assume that these survivals are actually due to existing Bodos 
of say a 1/10,000 or 1/5000 acriflavine resistance—rather it should be said 
that Bodos were present that could adapt themselves to acriflavine in that 
concentration and produce a culture of descendants which inherited the 
character, an implication of modification could already be postulated in 
every type of experiment. 

This gets an added cogency when the significance of the slow type of 
difficult development which occurs in these survivals under extreme condi- 
tions, particularly in untreated strains, is considered. The culture in an acri- 
flavine plate of high concentration after a small initial attempt at increase 
during the first 1-8 days dies off until only a few living Bodos are left, 
sometimes so few that they may easily be overlooked even in a very careful 
perusal of the plate. From these few there is produced the new resistant 
culture which peoples the plate in the later stages of the evolution—these 
develop, it may be pointed out, in a gradually weakening solution of acriflavine, 
as even in the dark the drug loses potency in the long passage of time (10-30 
days). It seems reasonable to suppose that the resistance found to exist at 
the end of the evolution has been due partly to the effect of the drug upon 
the organism during the development. Incidentally the evolution on such a 
plate is like a slow-motion picture of a recidive in the blood of a monkey 
infected with a trypanosome of the Brucei gambiense group, and in both cases 
it seems probable that the surviving and evolving population are carrying 
not only the hereditary qualities of the merely vigorous or naturally resistant 
individuals, but also the specific qualities of an acquired acriflavine or serum 
resistance. 

In the case of trypanosomes the modified nature of the recidive strains 
has been clearly shown (Ritz, Rosenthal, Leupold, etc.) in immunological 
experiments. But although the immunologically separate quality of the 
recidive strain has been established, there is nothing to prove that it is not 
a selection of a small number of survivors whose original capacity was above 
the attack of the immune body poured out at the crisis of the destruction of 
the parasites in the blood. 


Even in Schnitzer and Silberstein’s (1928) valuable work, where the ingenious use of 
an aparabasal strain immunologically homologous with an untreated strain showed, upon 
injection of arsacetin, that the recidive strain arose from these recognisable types and was 
now immunologically distinct, the absence of a detailed analysis of the aparabasal strain 
leaves some room for a possible criticism. None of the immunological tests, not even the 
Rieckenberg reaction, though it affords a notable advance in discrimination, is in itself 
sensitive enough to analyse the character of a strain in sufficient detail. 


In the case of Bodo the arguments set out at the beginning of this section 
contain no actual fact that is inconsistent with a pure selection hypothesis. 
Two such facts do however exist, and I have mentioned them earlier in the 
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paper. The first is the frequently repeated observation that a culture in a 
seriously harmful concentration, that is, upon the border of the lethal limit, 
of the drug is not viable upon subculture into the same concentration (some- 
times not even into drug-free medium) in the early days of the development, 
while it can be continued into the drug at a later period of the evolution of 
the same plate. This is not a matter of mere numbers as the numbers trans- 
ferred may actually have been higher at the non-viable attempt than later. 
I consider that the explanation lies in the change that has taken place in the 
Bodos during the evolution at and after the crisis during which the majority 
of the flagellates on the plate were destroyed. The actual aparabasal Bodos 
are not concerned in this, they are about to die in any case. The balance 
which retain their parabasals are the parents of the evolving culture in both 
cases and the small number left on the original plate at: the lowest moment 
in the evolution are represented in the large inoculum of 10 to 20 drops taken. 
If there were Bodos of a natural capacity up to the final resistance of that 
plate present at the start they would also be able to carry on (as a single 
Bodo can people a plate) on the subculture. The higher resistance of the 
flagellates evolved upon the original plate after the crisis is due to a modifi- 
cation by evolution on the drug. 

A state of affairs closely resembling that just described in Bodo is recorded 
by Freund (1925) in his work on 7’. brucei under the influence of “ Bayer 205.” 
He observed that trypanosomes of a given strain (Nagana-Prowazek) exposed 
in mice to ineffective doses of “Bayer 205” had lost the capacity to form 
recidives when exposed to antimony. But he also found that Bayer-fast 
trypanosomes will form recidives, and moreover that the strain removed 
from a mouse insufficiently treated with the drug after 24 hours will not 
form recidives when treated with antimony in the passage mouse, but that it 
is able to do this if removed after 48 hours. Freund calls this loss of the 
recidival capacity the antimutative action of the drug, which seems to be 
an unsuitable description. His work however affords a good instance of modifi- 
cation of the trypanosomes as distinct from selection because, whatever the 
relative proportions, all the types of origin present in the second sample 
must be present also in the first even if in a different state. A minority quite 
untouched by the drug would in passage find its expression by overgrowth 
in both instances alike. The so-called antimutative action of “Bayer 205” 
as a general principle is called in question by Kritschewski and Kaganova 
(1929), but this does not invalidate the facts described by Freund. 

The second observation that shows that the Bodos are actually affected 
by the drug as distinct from being merely selected by it is the very striking 
instance of CN 227/6 (and 226/4). Here the resistant culture (CN 149 H (8)) 
exposed in the tube experiment to 1/400 acriflavine survived for 4 hours 
without endpoint and had its resistance very much raised by this treatment, 
which is the expected result (CN 213/9). The same culture (CN 149 H (8)) 
exposed to 1/200 acriflavine, surviving with great difficulty after the con- 
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siderable period of 135 minutes, was (CN 227/6) less resistant than CN 213/9, 
the survival of 1/400, and even less resistant than the parent culture 
CN 149 H (8) before exposure in the tube. It must be insisted here that 
CN 227/6 gave vigorous growth in subculture and was certainly not in any 
respect a feeble strain. 

In another instance the series 216, a never-treated isolation culture CN A, 
whose natural resistance was such that it could grow with difficulty upon a 
1/10,000 acriflavine plate, was exposed in a tube experiment to 1/400 acri- 
flavine. The survival plate after 30 minutes—CN 216/3—evolved slowly but 
without very great difficulty, and upon being tested (at the second subculture 
upon normal medium) for growth in the incorporated acriflavine plates showed 
a definite advance in resistance upon the untreated CN A, evolving with good 
numbers though after a slight delay in 1/5000. The next survival plate made 
after 60 minutes in the 1/400 acriflavine tube evolved with the greatest 
difficulty and very slowly, CN 216/4; after three subcultures upon drug-free 
media it was tested upon the acriflavine incorporated plates. There was 
evolution in 1/10,000 but none in 1/5000, and the resistance was apparently 
very much that of the untreated strain and definitely less than in the culture 
CN 216/3 from the plate at 30 minutes. The longer exposure in the acriflavine 
1/400 tube had produced a diminution in resistance. The graphs here are 
very instructive and afford a direct corroboration of the survival results, thus 
in 1/10,000 incorporated acriflavine (on 15, x. 28) CN 216/3 gave a peak count 
of aparabasal Bodos, while CN 216/4 and the untreated CNA tested at the 
same time (26. x and 25. x) showed 64 and 74 per cent. respectively in this 
concentration (Graphs 21-23). 

The evidence of a modification is very definite in these examples and no 
selection process of the killing-off type would account for the result. The 
nature of the phenomenon noted in these cases is not perfectly clear, it appears 
to be an effect arising at the limit of possible survival. It is probably only 
obtained through a very narrow range of time and concentration, and it is 
hoped to analyse it further in future work. 

Hypersensitive states are known in trypanosomes and there is one in- 
teresting condition described by Duke in natural trypanosomiasis that, in so far 
as it is direct evidence of modification, receives a certain amount of corrobora- 
tion from the state of CN 227/6 and CN 216/4. Duke describes a state in 
trypanosomiasis where the host is becoming more and more resistant, the 
trypanosome is still able to survive in the blood, but when tsetse flies are fed 
upon the host the trypanosomes fail to develop, they have in short become 
less transmissible. When working in Africa with trypanosomes of the brucei- 
gambiense group I was much impressed with the quality of certain strains for 
particularly vigorous and rapid development in the fly and by the much 
lesser capacity of others. Development in the fly depends upon the power for 
very rapid multiplication and upon the ability to resist the digestive processes 
going on in the gut of the tsetse. If Duke’s observations stand the test of 
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further investigation, it would indicate a somewhat similar state to that 
occurring in these Bodo cultures. During the early recidives at each return 
the trypanosomes had become resistant to the immune reaction which had 
caused the crisis, but at some point apparently the same reaction on the 
part of the host had left the surviving trypanosomes modified in such a way 
that their capacity for carrying on the cycle in the glossina had become re- 
duced or had even disappeared. In the evolution of the various trypanosome 
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Graph 21. H=1/10,000; acriflavine incorporated plate. CNA isolation clone at the 9th sub- 
culture never treated before with tke drug. 

Graph 22. H=1/10,000; acriflavine incorporated plate. CNA after exposure to 1/400 acriflavine 
in a tube experiment for 60 minutes. Tested at the 3rd subculture (CN 216/4). Note it is 
more sensitive than Graph 23. 

Graph 23. H=1/10,000; acriflavine incorporated plate. CNA after exposure to 1/400 acriflavine 
in a tube experiment for 30 minutes tested at 2nd subculture (CN 216/3). 


species there are of course two good instances of something of this kind, 
having occurred in nature, namely 7’. evans, which is transmitted directly by 
the tabanid flies without cycle, and in the disease of dourine in horses. There 
is also an analogous condition produced in artificial trypanosomiasis in mice 
where strains treated with potassiumhexatantalate, while uninfluenced in 
their evolution in the treated host, become untransmissible by means of the 
syringe into further mice (Morgenroth and Rosenthal (1911, 1, 2)). In trypano- 
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somiasis then, as in Bodo, there is real evidence that modifications inconsistent 
with any theory of mere selection do occur. 

I think therefore, to bring the above results into a sentence, that there is 
evidence that the acquisition of drug fastness in Bodo is brought about by 
the interaction of selective inheritance and the actual modification of the 
quality of the Bodo by evolution in the drug. The modification is not appa- 
rently in the nature of a mutation, it is a piling up of changes in a particular 
direction. The fastness (the limit of which has not been reached in this work) 
is considerable both in degree and in duration, but becomes gradually less 
by the loss through dilution by multiplication for long periods upon normal 
media and also by the free play afforded to the natural range of variation in 
the downward direction. The evidence supporting the theory that the loss is 
due in part to dilution or the wearing down of the modification by multipli- 
cation is upheld by the acceleration of the loss in clones derived from single 
isolations from the mass-resistant cultures. 

Bodo being an organism without conjugation and therefore without bi- 
parental inheritance, and consequently lacking the reorganising effect that such 
a periodic closing of the cycle produces, affords an example of a labile organism 
capable of being progressively altered under the influence of the environment. 
The entirely different picture afforded by Jollos’ (1921) valuable work on the 
effect of arsenic upon Paramaecium is in striking contrast with the result 
obtained in Bodo. Jollos showed that in all but a small number of cases, where 
apparently a true resistant mutant was produced, the acquired arsenic tole- 
rance was lost upon conjugation or after the nuclear reorganisation which takes 
place in endomixis. 

I should like to review some of the work on trypanosomiasis in its relation 
to these results in Bodo. It is almost impossible to deal adequately with the 
enormous literature of chemotherapy, but some striking and important things 
emerge which bear more directly upon the questions under discussion. 

The factors involved in drug therapy in trypanosomiasis may for the 
present purpose be summarised as follows: 

(1) The action of the circulating drug as a chemi¢al substance acting directly upon the 
trypanosomes and destroying them. This is similar to or in parallel terms with the in vitro 
action. Incidentally the in vitro action of the drugs as a general principle in chemotherapy 
has been unduly minimised. I cannot discuss this matter here, but Moschkowski shows for 
example that with “Bayer 205” there is no great difference in the effective dose in vitro 
and in vivo, and Papamarku (1927) gives some interesting data concerning other drugs. 
Another example of the direct action of the drug is given by Browning and Gulbransen in 
their study of interference phenomena (1927). 

(2) The action of the drug in producing enfeebled or otherwise modified trypanosomes. 
The drug-fast strains are an example of this in the direction of resistance while the in- 
teresting alteration of the mouse nagana disease produced by Silberstein (1927) affords an 
instance of the enfeeblement of the parasites, so also does the effect of potassiumhexatan- 
talate in rendering the strain non-transmissible (Morgenroth and Rosenthal, 1911, 2). 

(3) The action of the drug in producing an antigen derived from the bodies of the 
trypanosomes. 
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(4) The action of the spleen and the reticulo-endothelial system: 

(a) In producing a natural resistance to the trypanosomes apart from any drug— 
this is shown in the high resistance in all the recidival trypanosome diseases in nature 
and in the course of the infection in 7’. lewisi (Regendanz and Kikuth). The connection 
of the reticulo-endothelial system with the very interesting immune reaction in 7’. lewisi 
infection has been worked out in detail by Taliaferro, Cannon and Goodloe in a recent work 
still in the press. It is now known that particularly the protozoan infections, held in check 
in normal animals, break into acute manifestation in splenectomised individuals (Regendanz 
and Kikuth, 1928). Another example is that of bartonella in rats. This natural action of 
the spleen is at its minimum in the artificial 7’. brucei trypanosomiasis in mice of the 
European chemotherapeutist where no resistance is made, hence Jungblut’s observation 
that the removal of the spleen does not affect the course of the disease. But that even in 
mice there is a spleen reaction with an outpouring of immune body when the virulence of 
the trypanosomes is reduced by the action of a suitable drug, is of course a well-known fact 
in chemotherapy. 

(6) In pouring out immune body in response to the trypanosome antigen afforded 
by the trypanocidal action of the drug. This is the ictus immunisatorius well described 
by Rosenthal (1918). How potent a factor this is in the mechanism of the chemotherapeutic 
action is well shown by Schnitzer and Silberstein (1928). 

(c) The action of the spleen and the reticulo-endothelial system in clearing up cell 
detritus (Bieling, 1924). 

(d) The spleen and the liver as depots of the drug in relatively high concentrations 
(Voegtlin, 1925). 

(e) The spleen as a factor in the reduction of the drug into a more efficacious 
trypanocide: Jungeblut (1927), Kotake, Masai and Mori (1922), Voegtlin, Dyer and Miller 
(1924), Feldt and Schott (1927), Kritschewski (1927). There is a tendency however in 
these writers to undervalue the action of the spleen in the matter of the immune body 
response in the presence of the drug, as is brought out by Kikuth and Regendanz in a 
recent paper (1929). 


The above factors can be put into two main categories from the biological 
point of view, broadly as chemical action upon the trypanosomes and as 
immune body attack. These two groups moreover can be considered together 
as forming one complex of environmental factors against which the trypano- 
some is pitted as a labile organism with an open cycle. The avenues of reaction 
are those of the response to environmental pressure as shown by the modifi- 
cations impressed upon the organisms, these modifications include the death 
in any lethal concentration of individuals (or of the wholestrain), thus effecting 
also the selection of types viable under the particular conditions. Into this 
plays at every stage (within the limits imposed by the particular conditions 
at any given time) the continual tendency to natural variation. 

It is not clear if actual mutants are ever formed in trypanosomes, they 
would be difficult to detect, owing to the absence of biparental inheritance. 
In Bodo I have found no evidence whatsoever of mutation and Jollos, in his 
experiments with arsenic tolerance in Paramaecium, records only a small 
number of instances produced under the particular circumstances of the con- 
jugation period (1921). The nearest approach to a mutation is found in the 
natural aparabasal strain of 7. equinum of Wenyon (1928) and the artificial 
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aparabasal strains produced by Werbitzki, Kudicke and other workers. In 
regard however to an accompanying drug resistance, these are probably 
as labile as other strains. They are as shown by Kudicke (1912) as variable 
as normal strains and, what is of great interest, they are immunologically 
identical with the parent strain. This loss mutation may be fixed as a morpho- 
logical type and the pure aparabasal strains remain so apparently permanently 
(Kudicke), but the normal play of variation will occur in regard to resistance 
and fastness and similar characters. 

The mass untreated culture in this work on Bodo caudatus is derived 
from a single cell and is therefore the equivalent of a clone, and it is quite 
clear that I could distinguish different types within it in regard to acriflavine 
resistance. These had arisen some time during the period between November 
11th, 1926, and the date of the single isolations made in September, 1928. 
It is hoped in future experiments to study more closely the question of the 
rapidity with which isolation strains of definite character can be obtained 
from a young clone. 

Jollos, in his study of Paramaecium, supports Jennings’ theory that a 
species is composed of pure lines of different characters, but that within one 
clone selection is not effective in creating genetically divergent lines. The 
whole point lies in the word genetic; it appears to be true that a clone is little 
altered by the action of a selective environment in regard to the character 
of the subsequent product of a successful conjugation. But in a non-conju- 
gating form like Bodo a very different state of affairs exists. Here the species 
is never brought to the test of bi-parental influence, the heritable modifica- 
tions accumulate and there is no doubt, either of the power of shifting the 
mean resistance by the action of the drug, or, on the other hand, of the 
subsequent alteration of the modified strain (and of clones isolated from it) 
towards the original norm by the survival of variants of less resistance to the 
particular drug. These fast individuals are clearly not mutants. The gene 
pattern has no doubt its fundamental character here as in other forms, but 
this work does not reveal its operation and there is no direct evidence of the 
limits of its control. 

These considerations have a bearing upon the state of affairs in trypano- 
somiasis, and in reviewing the mass of very interesting but often extremely 
conflicting results recorded in the literature upon chemotherapy and drug 
fastness in trypanosomes it seems that certain important factors in connection 
particularly with the behaviour of the parasite tend to be insufficiently appre- 
ciated. There is an inclination to consider drug fastness as an absolute cha- 
racter and not as a relative condition in which there are wide and constantly 
changing differences in the various individuals in the strain. 

The test of the natural capacity of the untreated strain is seldom of an 
exhaustive type and the strain is looked upon as an entity rather than as a 
collection of individuals ranging within relatively very wide limits of varia- 
tion, so that a type which may not be brought to significant manifestation 
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in one part of the experiment is perhaps the predominating form at another 
part. For instance, the change in fastness upon passage into a different type 
of host is judged without reference to the fact that this may in itself be a 
powerful sélective factor. In Mesnil and Brimont’s (1908) experiments they 
produced an atoxyl-fast strain in mice which, upon passage into rats, was 
sensitive to this drug. There were two quite different types of selection at 
work in this test. The strain had been made drug fast and was at the same 
time acclimatised to the mouse, the rat selected the strain at the first passage, 
but it clearly did not select the drug-fast portion of the mouse strain. But 
as no selection of this kind is complete some of the drug-fast individuals will 
still be present. Upon passage back into the mouse this animal keeps its 
selection for the drug-fast portion. Mesnil and Brimont acclimatise the mouse 
drug-fast strain to arsenic in the rat and the trypanosomes are then drug fast 
in both hosts. The rat selection and the mouse selection have then both been 
made drug fast. 

The horse, the mouse and the dog in Mesnil and Brimont’s work seem to 
select from the drug-fast portion of the strain and the fastness could be carried 
through directly into these hosts in the state in which the strain then was. 
Krooé’s work (1926) should be noted here as an example of the modification 
(which in most cases probably implies also some degree of selection) that 
one strain can undergo by passage into different species of animal. It is 
important to note that a strain in any state is made up of a composite group 
and each individual will take its place somewhere in a scale of greater or less 
resistance to a whole series of actual and possible influences, and moreover 
its position in the scale may be different in respect to the different types of 
environmental demand. The work on Bodo shows that this is true also in 
clones as is shown particularly clearly by the behaviour of drug-fast clones 
when tested after growth on drug-free media. The competition within the 
strain is a factor of very great importance and the passage of drug-fast strains 
in untreated animals at once admits of the survival of a proportion of the 
variants of perfect viability but lesser drug resistance. In considering the 
fastness of the strain therefore, any selection of another type may alter the 
relative composition of the strain while allowing the persistence of a certain 
proportion of the drug-fast individuals. Many of the contradictions and 
puzzling anomalies found in the literature are really due to the differential 
action of unappreciated types of selection and to the fact that, in open cycles, 
variation creates a continual spread in the composition of the strain. Morgen- 
roth and Halberstidter (1911) give an interesting study of the importance 
of selection in their work on arsenic and antimony fast strains. 

The work of Ritz (1914, 1916) is important in this connection; he gets 
evidence of the creation of separate immunological varieties in artificial reci- 
dive strains of 7’. brucei in mice and in natural recidives in rabbits. He also 
shows: that they may be crowded out by the overgrowth of one or other of 
the competing strains produced (1914). He is of the opinion that loss changes 
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in the strains are due to overgrowth and not to a change of character, as he 
finds that a single individual isolated from the mixed recidival strain retained 
its immunological character indefinitely and long after the mixed parent 
strain had returned to the original type. Overgrowth is admittedly an im- 
portant principle in the alteration of the type of trypanosome strains, but I 
do not think that he has proved that there is no loss or gradual change as 
modifications of the individuals going on in a non-selective medium. 

The rough immunological test in the single cell strain no doubt continued 
to give the immune reaction of the recidival type, but he does not carry it 
on long enough really to determine that there is no change and he has not 
analysed the strain by testing isolation strains made from it at different 
periods. This also applies to Leupold’s very interesting work (1928). 

Mesnil and Blanchard (1916) give an account of the slow appearance of 
sensitiveness to normal human serum of trypanosome strains of human origin 
which have been kept by syringe passage in mice. This can be looked upon 
as a loss of resistance to human serum and is a good example of gradual dis- 
appearance of an imposed character in the absence of the particular environ- 
mental pressure. The long time taken to acquire the sensitiveness to human 
serum is of particular interest, the Lanfranchi strain took 2 years, a strain 
of T. gambiense of Laveran’s took 12 years, another first became affected 
after 7 years, while two strains of 7’. rhodesiense became relatively sensitive 
“peu de temps aprés leur sortie du corps humain.” The behaviour of the 
strain which began to show this reaction after 7 years is worthy of note and 
reveals the action of variation and selection; the sensitiveness to human 
serum oscillated at first, but became progressively greater until after 11 years 
it became as great as that of the 7’. rhodesiense strains. This oscillation shows 
the competition of the various types within the strain and the gradual loss 
of resistance to human serum shows the progressive alteration of the type, 
just as in Bodo the loss of resistance to acriflavine of a relatively fast strain 
is registered by the increase of aparabasal forms produced when put to grow 
in various concentrations of the drug. 

It is impossible to exaggerate the importance of the labile character of 
these non-conjugating flagellates of which Mesnil and Blanchard’s work gives 
an excellent example in its relation to serum adaptation upon the natural 
spread of trypanosomiasis in Africa. 

The loss of fastness has received relatively little detailed study and the 
literature conveys an undue impression of the solidity of this acquired cha- 
racter. Morgenroth and Rosenthal (1911, 1) admit in a general statement the 
gradual loss of arsenic fastness in certain strains in their interesting paper, the 
first of a series begun in 1911 (see also Morgenroth, 1924). 

Browning (1908) notes a highly resistant atoxyl-fast strain which was still 
markedly resistant at the 67th passage (six months) but which in the 89th 
passage seven weeks later showed the loss of this character. The loss of fast- 
ness might be very slow and scarcely apparent as tested in a therapeutic result 
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and yet be occurring by the gradual change in the composition of the strain. 
How slow these processes may be has just been noted in the work of Mesnil 
and Blanchard. 

Morgenroth and Rosenthal (1911, 1) made a detailed study of the action 
of antimony and found by an ingenious method of plotting the time curve 
of the disappearance of the trypanosomes that there does occur a development 
of fast individuals, and they appreciate the existence of the normal range of 
variation in the population of trypanosomes into which they introduce the 
drug. They get results which are in close accord in general principle with those 
obtained in Bodo. They observe that even a single exposure to antimony has 
produced more resistant individuals and they recognise that they are modified 
forms among a group of less altered types. They find the fact that resistance 
to antimony is lost by passage into another mouse incomprehensible, and 
describe it as defying analysis. 

The condition is however not entirely inexplicable, the passage into another 
mouse is a change of environment and is or may be a selection. The antimony 
modified trypanosomes are apparently not viable in the fresh mouse and the 
strain is carried on by the non-resistant or less-resistant or the unmodified 
portion. This last adjective is used advisedly as, while the authors put up a 
good case for modification of a portion of the trypanosomes, they have no 
evidence that all antimony survivors are modified. The very rapid dis- 
appearance of antimony from the blood will be remembered in this connection. 
(It should also be recalled that drug-fast individuals can be destroyed by a 
low dose of the drug in the presence of any considerable number of normally 
sensitive trypanosomes, the great increase of antibody so produced carries 
off both the drug-fast and the normal types (Schnitzer and Silberstein, 1928).) 

An actual example of the curious state of fastness as shown by insensitive- 
ness in the current mouse host combined with inability to survive when 
passaged into the next mouse was given by these same workers in their 
following paper (1911, 2) and is the result with potassiumhexatantalate re- 
ferred to already. 


SUMMARY. 


1. A study has been made of the effect of acriflavine upon Bodo caudatus. 
The drug has the property of producing a percentage of modified Bodos 
without parabasal bodies but no permanently aparabasal strains have been 
produced. 

2. A technique was devised whereby the resistance, as judged by two 
different types of survival experiment, could be correlated with the percentage 
of modified Bodos produced when the strain is put to grow in an ascending 
series of concentrations of acriflavine incorporated in the culture medium. 

3. The peak of the count of altered Bodos in relation to the concentration 
in which it occurs is found to be the index of the sensitiveness of the strain 
at that date. The maximum reaction as gauged by the numbers of modified 
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Bodos produced in an untreated strain of average sensitiveness is about 
70 to 80 per cent., and this occurs in so low a concentration as 1/1,000,000. 
1/5,000,000 gives a count below the maximum and 1/50,000,000 produces 
only 1 to 4 per cent. according to the sensitiveness of the strain. 

4. The mass untreated strain was originally derived from a single Bodo 
isolated in the autumn of 1926. This strain in 1927-28 was used as the mass 
untreated strain in the experiments. Its resistance was found to fluctuate 
from below a capacity to evolve with great difficulty in 1/50,000 to a some- 
what feeble development in 1/10,000 acriflavine incorporated plates. The mass 
untreated strain was never able to evolve in plates containing 1/5000 acriflavine 
at any time. 

5. Strains grown from single isolations from the untreated mass culture 
showed different degrees of natural resistance. The most resistant clones could 
develop in 1/5000 acriflavine incorporated plates, but not in 1/2000. The great 
importance of this natural range of resistance in estimating an acquired drug 
fastness is emphasized. Strains which had been made resistant could be 
brought to live continuously in 1/1500 acriflavine incorporated plates, but no 
evolution was obtained in 1/1000. 

6. Evidence that drug fastness in Bodo caudatus is due to the interaction 
of selective inheritance and the actual modification of the quality of the Bodo 
by evolution in the drug is given. The modification is not apparently a muta- 
tion, it is a heritable piling up of changes in a particular direction. 

7. A high resistance once acquired is retained through prolonged culti- 
vation upon drug-free media. A gradual loss occurs, partly by a dilution 
through multiplication of the character impressed and partly by the survival 
of variants of less resistance to acriflavine, but of perfect viability in other 
circumstances and the competition of these within the strain. The loss of 
resistance is greatly accelerated in single cell cultures (clones) isolated from 
the resistant strains, but up to the present no treated strain has entirely lost 
the effect of the original exposures to the drug. The longest time elapsing 
between the creating of a partially resistant strain and its test for resistance 
above that of the untreated culture is one year. 

8. The bearing of the data obtained in Bodo caudatus upon the condition 
found in trypanosomiasis and upon certain aspects of chemotherapy in this 
group is discussed. 

9. Bodo caudatus being an organism without conjugation and therefore 
without bi-parental inheritance and consequently lacking the reorganising 
effect that such a periodic closing of the cycle produces, affords an example 
of a labile organism capable of being progressively altered within certain 
limits under the influence of the environment. 








\w 


“ 


"ry 











MoriIzEL ROBERTSON 413 


REFERENCES. 


Brevine, R. (1924). Die Bedeutung der Milz fiir die Wirkung der Antigene im Ké6rper. 
Zeitschr. f. Immunitatsf. 38, 193. 

BressLav, E. and Scremin, L. (1924). Die Kerne der Trypanosomen und ihr Verhalten 
zur Nuclealreaktion. Arch. f. Protist. 48, 509. 

Browninea, C. H. (1908). Chemotherapy in Trypanosome Infections: An Experimental 
Study. J. of Path. and Bact. 12, 166. 

—— (1927). Biological Principles in Immunity. Brit. Med. J. ii, 978. 

and GULBRANSEN, R. (1922). An Interference Phenomenon in the action of Chemo- 

therapeutic Substances in Experimental Trypanosome Infections. J. of Path. and Bact. 

25, 395. 

(1927). Interference Phenomena in the action of Chemotherapeutic Agents in 
Trypanosome Infections. Ibid. 30, 513. 

Coventry, F. A. (1925). The reaction product which inhibits reproduction in infections 
with 7’. lewisi, with special reference to its changes in titre throughout the course of 
the infection. Amer. J. of Hyg. 5, 127. 

—— (1929). Experimental Infections with Trypanosoma lewisi in the Guinea-pig. Ibid. 
9, 248. 

Daz, H. H. (1923). Chemotherapy. Physiol. Reviews, 3, 359. 

Davis, L. J. and Brown, H. C. (1927). The adhesion phenomenon, A specific serological 
reaction occurring in trypanosomiasis. 7’r. Roy. Soc. Trop. Med. and Hyg. 21, 113. 

Duke, H. L. (1927). Experiments on the Cyclical Transmission by Glossina palpalis of 
Arsenic-fast strains of Polymorphic Trypanosomes. Report of the Intern. Comm. of 
the League of Nations for the Study of Human Trypanosomiasis, 25. 

—— (1928). Immunological Studies of T'rypanosoma gambiense and T’. rhodesiense. Parasi- 
tology, 20, 427. 

Enrica, P. (1907). Chemotherapeutische Trypanosomenstudien. Berlin. klin. Wochenschr. 
No. 9, 12. 

—— (1909). Ueber die neuesten Ergebnisse auf dem Gebiete der Trypanosomenforschung. 
Arch. f. Schiffs- u. Tropen-hyg. 13, 91. 

Feipt, A. and Scuort, A. (1927). Die Rolle des Retikuloendothels beim chemothera- 
peutischen Heilungsvorgange. Zeitschr. f. Hyg. 107, 453. 

Freunp, R. (1925). Ueber die antimutative Wirkung der “Bayer 205.” Zeitschr. f. Im- 
munititsf. 43, 253. 

Gonper, R. (1912, 1). Experimentelle Studien mit Trypanosomen und Spironemen (Spiro- 
chaeten). Ibid. 15, 257. 

—— (1912, 2). Untersuchungen iiber arzneifeste Mikro-organismen. I. T'rypanosoma 
lewisi. Centralbl. f. Bakt. Pt 1, Orig. 61, 102. 

Jenninas, H. S. (1913). The effect of Conjugation in Paramecium. J. of Exp. Zool. 14, 
279. 

Joos, V. (1921). Experimentelle Protistenstudien. I. Untersuchungen iiber Variabilitat 
und Vererbung bei Infusorien. Arch. f. Protist. 43, 1. 

—— (1924). Variabilitat und Vererbung bei Protisten. Centralbl. f. Bakt. Pt 1, Orig. 93, 
22 (Beiheft). 

Jounson, T. L. (1929). In vivo Trypanolysis with especial reference to zones of inhibition, 
relapse phenomena and immunological specificity. Amer. J. of Hyg. 9, 260. 

JuNGEBLUT, C. W. (1927). Ueber die Beziehung zwischen retikulo-endotheliale System 
und chemotherapeutischer Wirkung. Zeitschr. f. Hyg. 107, 357. 

Kixutu, W. (1927). Piroplasmose bei Affen. Arch. f. Schiffs- u. Tropen-hyg. 31, 37. 

— and REGENDANzZ, P. (1929). Ueber die Beziehungen der chemotherapeutischen Mittel 
zum “‘Retikuloendothel.” Zeitschr. f. Immunitdtsf. 61, 422. 

Koraxkg, Y., Masat, Y. and Mort, Y. (1922). Ueber das Verhalten der Aminosauren in vital- 

gefirbten Tieren. Hoppe-Seyler’s Zeitschr. f. Physiol. Chem. 122, 211 and 220. 

















414 Action of Acriflavine 


KritscHEwskI, I. L. (1927). Ueber eine bisher noch unbekannte Funktion des reticulo- 


endothelialen Systems. Zeitschr. f. Immunitéitsf. 53, 506. 
and AwtTonomorr, W. I. (1925). Ueber die nicht sterilisierende Immunitit in Zu- 
sammenhang mit der Frage iiber Erméglichung einer Superinfektion wihrend der- 
selben. Ibid. 42, 329. 
and TscHERIKOWER, R. S. (1925). .Ueber Antikérper, die Mikroorganismen mit Blut- 
plittchen beladen (Thrombozytenbarinen). Ibid. 42, 131. 
and Meersoay, I. S. (1926). Ueber die Zusammenhinge zwischen dem terapeutischen 
Effekt und dem retikuloendothelialen Apparat. Ibid. 47, 407. 
and Hrrontmus, E. 8. (1927). Weitere Studien iiber die Frage der nichtstreilen 
Immunitiit und der Superinfektion bei Trypanosomiasis. Arch. f. Schiffs- u. Tropen-hyg. 
31, 126. 
—— and Kaaanova, S$. 8S. (1929). Zur Frage der antimutativen Wirkung des Germanins. 
Zeitschr. f. Immunititsf. 61, 478. 
Kro6, H. (1926). Weiterer Beitrag zur Immuniologie der Trypanosomen. Zeitschr. f. Hyg. 
106, 77. 
KupickeE, R. (1911). Die Wirkung orthochinoider Substanzen auf Rattentrypanosomen. 
Centralbl. f. Bakt. Pt 1, Orig. 59, 182. 
—— (1912). Beitrige zur Biologie der Trypanosomen. Ibid. 61, 113. 
and CoLiier, W. A. (1925). Intrakutane Superinfektionsversuche an Tsetsekran- 
ken Kaninchen mit Trypanosomen gleicher Art. Arch. f. Schiffs- u. Tropen-hyg. 29, 
407. 
LarpLaw, P. P., DoBELL, CLIFFORD and BisHop, ANN (1928). Further experiments on the 
action of Emetine in cultures of Entamoeba histolytica. Parasitology, 20, 207. 
Levapitt, C. (1909). Mécanisme d’action des derives arsénicaux dans les trypanosomiases. 
Ann. Inst. Pasteur, 23, 604. 
and KnaFrru-Lenz, E. V. (1909). Mécanisme d’action de l’'antimoine dans les trypano- 
somiases. Zeitschr. f. Immunitdtsf. 2, 545. 
and McInrosu, J. (1910). Mécanisme de la création des races de trypanosomes 
résistantes aux anticorps. Bull. Soc. Path. Exot. 3, 368. 
Leupotp, F. (1925). Die Bedeutung des Blepharoplasten als Angriffspunkt chemothera- 
peutischer Substanzen. Zeitschr. f. Hyg. 104, 641. 
—— (1928). Untersuchungen iiber Rezidivstimme bei Trypanosomen mit Hilfe des 
Rieckenberg-Phinomens. Jbid. 109, 144. 
Lewy, F. and Gurewitscu, M. (1926). Gewinnung und Eigenschaften von parafuchsin- 
festen Trypanosomen. Ibid. 106, 533. 
Mesnit, F. and Brimont, E. (1908). Sur les propriétés des races de trypanosomes 
résistantes aux médicaments. Ann. Inst. Pasteur, 22, 856. 
— and Biancrarp, M. (1916). Sensibilité au sérum humain normal de trypanosomes 
d’origine humain. Bull. Soc. Path. Exot. 9, 81. 
MorGENROTH, J. (1924). Die Bedeutung der Variabilitét der Mikroorganismen fiir die 
Therapie. Centralbl. f. Bakt. Pt. 1, Orig. 93, 94 (Beiheft). 
—— and HaxperstApter, L. (1911). Zur Kenntnis der Arzneifestigkeit der Trypano- 
somen. Arch. f. Schiffs- u. Tropen-hyg. 15, 237. 
and RosENTHAL, F. (1911, 1). Experimentell-therapeutische Studien bei Trypano- 
someninfektionen. I. Mitteilung. Zeitschr. f. Hyg. 68, 418. 
— (1911, 2). Experimentell-therapeutische Studien bei Trypanosomeninfektionen. 
II. Mitteilung. Ibid. 68, 506. 
(1912). Experimentell-therapeutische Studien bei Trypanosomeninfektionen. 
































IIL. Mitteilung. Jbid. 71, 501. 

—— and Freunp, R. (1924). Ueber die Wirkungsweise von “‘ Bayer 205” bei der experi- 
mentellen Trypanosomeninfektion der Maus. Klin. Wochenschr. 3, i, 53. 

MoscuowskI, Scu. (1927). Zur Frage der Wirkung von Germanin (Bayer 205) auf Trypano- 
somen. Arch. f. Schiffs- u. Tropen-hyg. 31, 541. 

















MourrEL RoBERTSON 415 


MutterRMILcH, 8. and Satamon, E. (1928, 1). Contribution 4 Pétude du mécanisme de la 
crise chez le cobaye trypanosomié. C.R. Soc. Biol. 98, 348. 

(1928, 2). Contribution a l'étude du mécanisme de la création des races des 
trypanosomes du nagana anticorps-résistants. C.R. Soc. Biol. 98, 345. 

Navuck, E. (1925). Untersuchungen iiber die Wirkung des Trypanosomenheilmittels 
“Bayer 205.” Arch. f. Schiffs- u. Tropen-hyg. 29, 1. 

Nevuscutioss, 8. M. (1920, 1). Untersuchungen iiber die Gewéhnung an Gifte. II. Mit- 
teilung. Die Festigkeit der Protozoen gegen Farbstoffe. Pfliigers Archiv, 178, 61. 

— (1920, 2). III. Mitteilung. Das Wesen der Festigung von Protozoen gegen Arsen und 
Antimon. Ibid. 178, 69. 

OrHLER, R. (1913, 1). Ueber die Gewinnung reiner Trypanosomenstimme durch Einzellen- 
iibertragung. Centralbl. f. Bakt. Pt. 1, Orig. 67, 569. 

—— (1913, 2). Zur Gewinnung reiner Trypanosomenstimme. Ibid. 70, 110. 

—— (1914,1). Untersuchungen iiber den Dimorphismus von J'rypanosoma brucei. 
Zeitschr. f. Hyg. 77, 356. 

—— (1914, 2). Der Dimorphismus des T'rypanosoma brucei bei experimenteller Behandlung. 
Ibid. 78, 188. 

REGENDANZ, P. and Kixutu, W. (1927). Ueber die Bedeutung der Milz fiir die Bildung des 
vermehrungshindernden Reaktionsproduktes (Taliaferro) und dessen Wirkung auf 
den Infektionsverlauf der Rattentrypanosomiasis. Centralbl. f. Bakt. Pt 1, Orig. 103, 
271. 








(1928). Ueber Aktivierung labiler Infektionen durch Entmilzung (Piroplasma 
canis, Nuttallia brasiliensis, Bartonella opossum, Spirochaeta didelphydis). Arch. f. 
Schiffs.- u. Tropen-hyg. 32, 587. 

REIcHENOW, E. (1928). Ergebnisse mit der Nuclealfarbung bei Protozoen. Arch. f. Protist. 
61, 144. 

— and REGENDAWz, P. (1927). Ueber Flohpassage normaler und mit Arsenophenylglycin 
vorbehandelter Rattentrypanosomen. Abh. a. d. Geb. d. Auslandskunde d. Hamb. 
Univ. Rethe D. Med. Bd. 2 Arb. in Tropenkrankh. u. deren Grenzgeb. 446. 

Reynoxps, B. D. (1924). Interactions of protoplasmic masses in relation to the study of 
heredity and environment in Arcella polypora. Biol. Bull. 46, 106. 

RIECKENBERG, P. (1917). Eine neue Immunititsreaction bei experimenteller Trypanosomen- 
infektion: die Blutplittchenprobe. Zeitschr. f. Immunitdtsf. 26, 53. 

Rrirz, H. (1914). Ueber Rezidive bei experimenteller Trypanosomiasis. Deutsch. med. 
Wochenschr. 40, 1355. 

—— (1916). Ueber Rezidive bei experimenteller Trypanosomiasis. Arch. f. Schiffs- u. 
Tropen-hyg. 20, 397. 

Rorst, W. (1909, 1). Paraminophenylarsenoxyd contra Trypanotoxyl. Zeitschr. f. Im- 
munitdtsf. 2, 496. 

— (1909, 2). Heilversuche mit Arsenophenylglycin bei Trypanosomiasis. Jbid. 1, 633. 

Rosertson, M. (1913). Notes on the life history of Trypanosoma gambiense with a brief 
reference to the cycles of Trypanosoma nanum and Trypanosoma pecorum in Glossina 
palpalis. Phil. Trans. R. Soc. London, B, 203, 161. 

—— (1927). Notes on certain points in the cytology of Trypanosoma raiae and Bodo 
caudatus. Parasitology, 19, 375. 

Rosertson, T. B. (1925). The Influence of Certain Dyes upon the Multiplication of Infusoria 
(Enchelys) with especial reference to the Acridine dyes (Acriflavine and Proflavine). 
The Austral. J. Exp. Biol. and Med. Sci. 11, 22. 

RosENTHAL, F. (1913). Untersuchungen iiber die Genese des Rezidivs bei der experi- 
mentellen Trypanosomeninfektion. Zeitschr. f. Hyg. 74, 489. 

—— (1918). Beitrage zur Immunitit bei Trypanosomeninfektionen. Ueber den Mechan- 
ismus der chemotherapeutischen Heilung. Zeitschr. f. Immunitdtsf. 27, 287. 

—— and Freunp, R. (1923, 1). Ueber den Mechanismus des Trypanocidieschwundes bei 

Leberkranken. III. Mitteilung. Zeitschr. f. Hyg. 97, 137. 














416 Action of Acriflavine 


RosentHAL, F. and Freunp, R. (1923, 2). Weitere Untersuchungen iiber die trypano- 
ziden Substanzen des menschlichen Serums. IV. Mitteilung. Zeitschr. f. Immunititsf. 
37, 48. 

and Sprrzer, Fr. (1924). Weitere Untersuchungen iiber die trypanoziden Sub- 
stanzen des menschlichen Serums. V. Mitteilung. Die Bedeutung des Retikulo- 
endothels fiir den Mechanismus der trypanoziden Wirkung des Menschenserums. Ibid. 

40, 529. 

Rovupsky, D. (1923). Sur les Trypanosomes. Publication de [Institut Pasteur et de la 
Société de Biologie. Paris, 1923. 

Scuttiine, C. (1929). Ueber Immunitait bei Trypanosomeninfektionen. Zeitschr. f. Im- 
munitdtsf. 61, 381. 

Scunirzer, R. (1926). Untersuchungen zur Chemozeptorentheorie. I. Das Interferenz- 
phinomen von Browning und Gulbransen. bid. 47, 116. 

—— and Rosensere, E. (1926). Untersuchungen zur Chemozeptorentheorie. II. Die 
Hemmungswirkung des Parafuchsins gegeniiber trypanozide Arsenikalien. Ibid. 48, 23. 

—— and Smserstetn, W. (1927). Untersuchungen zur Chemozeptorentheorie. III. Die 
Hemmungswirkung des Parafuchsins gegeniiber Brechweinstein. Ibid. 49, 387. 

—— and RosEnBER«, R. (1927). Untersuchungen zur Chemozeptorentheorie. IV. Vergleich 
des Interferenzphinomens an parafuchsinfesten und normalen Trypanosomen. [bid. 

49, 393. 

and SILBERSTEIN, W. (1927). Untersuchungen zur Chemozeptorentheorie. V. Ueber 

das Interferenzphinomens mit weiteren Triphenylmethanfarbstoffen. Ibid. 49, 551. 

—— —— (1927). Untersuchungen zur Chemozeptorentheorie. VI. Der “Sulphydryl- 
Chemozeptor”: seine Beziehungen zum Interferenzphiinomen. Ibid. 53, 439. 

(1928). Zum Mechanismus des chemotherapeutischen Heilungsvorganges. 
Ueber die experimentelle Trennung der Kombination: Chemische Wirkung Ictus im- 
munistorius. Ibid. 58, 159. ; 

SitBersteIn, W. (1927). Untersuchungen zur Chemozeptorentheorie. VII. Biologisches 
Verhalten der Trypanosomen in Interferenzversuchung. Ibid. 54, 324. 

Sterran, P. (1922). Morphologische Untersuchungen ueber die Wirkung verschiedener 
Heilmittel auf Trypanosomen. Zeitschr. f. Hyg. 96, 262. 

TaiaAFERRO, W. H. (1923). A Study of Size and Variability throughout the course of “‘ Pure 

line” Infections with Trypanosoma lewisi. J. of Exp. Zool. 37, 126. 

(1924). A reaction product in infections with T'rypanosoma lewisi which inhibits the 
reproduction of the Trypanosomes. J. of Exp. Med. 39, 171. 

—— (1926). Host resistance and types of infections in Trypanosomiasis and Malaria. 
Quart. Rev. of Biol. 1, 246. 

—— and Jounson, T. L. (1926). Zone phenomena in in vivo Trypanolysis and the thera- 
peutic value of trypanolytic sera. J. of Prevent. Med. 1, 85. 

—— and Ta.iAFerro, L. G. (1922). The resistance of different hosts to experimental 
Trypanosome infections with especial reference to a new method of measuring re- 
sistance. Amer. J. of Hyg. 2, 246. 

VoreTiin, C. (1925). The Pharmacology of Arsphenamine (Salvarsan) and Related Ar- 
senicals. Physiol. Reviews, 5, 63. 

——, Dyer, H. A. and Mitisr, D. W. (1924). On Drug-resistance of Trypanosomes with 
particular reference to Arsenic. J. of Pharm. and Exp. Ther. 23, 55. 

Wenyon, C. M. (1928). Loss of parabasal body in Trypanosomes. T'r. Roy. Soc. Trop. Med. 
and Hyg. 22, 85. 

Wessitzki, F. W. (1910). Ueber blepharoblastlose Trypanosomen. Centralbl. f. Bakt. 
Pt. 1, Orig. 53, 303. 














(MS. received for publication 4. v1. 1929.—Ed.) 








A COMPARATIVE STUDY OF THE STRUCTURE OF THE 
HEAD AND MOUTH PARTS IN THE STREBLIDAE 
(DIPTERA PUPIPARA). 


By B. JOBLING. 


From the Wellcome Bureau of Scientific Research, London. 


(With Plates XVIII-XX and 6 Text-figures.) 


CONTENTS. 

PAGE 
Introduction ‘ ‘ é ‘i P ‘ ‘ ‘ : , ~~ aoe 
The head capsule of the subfamily Nycteriboscinae : : , . 418 
The head capsule of the subfamily Streblinae ‘ > . : . 423 
The antennae ‘ " ‘ . ‘ : ‘ P . ‘ . 426 
The mouth parts. General account ‘ ‘ ‘ : . , . 428 
The rostrum . ‘ ‘ ‘ ; . : : ; ; . 428 
The muscles of the rostrum . ‘ . ;. ; , ; : . 432 
The haustellum . J F . ‘ ; : ‘ ’ , . 434 
The labella . , , ‘ : . . : ‘ , , . 436 
The muscles of the haustellum and the mechanism of the labella . . 438 
Conclusion . ; , ‘ ‘ ? ; ; 7, ‘ ‘ . 439 
References . P , P : ‘ , " 5 ‘ . . 443 
Explanation of plates . : ‘ ; ‘ : ‘ . ‘ . 444 
Explanation of reference lettering . ‘ : : ; : ‘ . 445 

INTRODUCTION. 


THE structure of the head and mouth parts of the Streblidae has been very 
briefly described by Speiser (1900) and subsequently by Muir (1912) in the 
genera Ascodipteron and Nycteribosca. The description given by the latter 
author is, however, still incomplete. Having, therefore, collected the necessary 
material I have re-investigated their structure and compared it with that of 
the Hippoboscidae and the Nycteribiidae, already described by me elsewhere 
(1926 and 1928). 

Before giving an account of the investigations I wish to take this oppor- 
tunity of expressing my thanks to Dr Hugh Scott, who provided me with 
specimens of Nycteribosca amboinensis, and to Major E. E. Austen and 
Mr E. W. Edwards, of the British Museum (Natural History) who supplied 
additional material. My thanks are also due to Dr L. Falcoz, of the University 
of Lyon, and Dr Bruce Mayne, of the Malaria Survey of India, for providing 
specimens of the genus Raymondia. 
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THE HEAD CAPSULE OF THE SUBFAMILY NYCTERIBOSCINAE. 
(Text-figs. 1 and 2.) 

The head capsule has been studied in the following species of this sub- 
family: Nycteribosca amboinensis Rondani, Raymondia lobulata Speiser, Tri- 
chobius caecus Edwards, Paradyschiria lineata Kessel and Aspidoptera mega- 
stigma Speiser. The shape of the head capsule varies very much in this sub- 
family. The head of N. amboinensis resembles that found in many genera of 
the Nycteribiidae. When viewed from above, it is somewhat funnel-shaped 
(Text-fig. 1 a). It is compressed laterally and becomes gradually narrower 
towards the occipital foramen. The head of R. lobulata belongs to a different 
type. It is flattened dorso-ventrally, is much wider than long (Text-fig. 1 
B and c), and its dorsal surface is slightly depressed, while the ventral is flat. 
Laterally it is rounded and its posterior border is nearly straight. The head 
of 7. caecus differs from that of the above-described flies. It is slightly longer 
vertically than anteroposteriorly and when viewed laterally its dorso-lateral 
parts are dome shaped. Its dorsal surface is depressed along the middle line 
and broadened in the posterior part. As in N. amboinensis, the head becomes 
gradually narrower towards the border of the occipital foramen (Text-fig. 2 B). 
In P. lineata and A. megastigma the head resembles that of 7. caecus. Its 
dorsal surface is elevated and has a depression in the middle. This is broad 
in P. lineata and very narrow in A. megastigma. When the head of the last- 
named fly is dissected from the thorax and viewed laterally, it has a triangular 
form, while the form of the head of P. lineata is intermediate between this 
and 7’. caecus. 

The dorsal surface of the head of the Streblidae is almost entirely occupied 
by the vertex, which is subdivided into several anatomically different sub- 
regions like that of the Hippoboscidae, and differs from that of the Nycteri- 
biidae, which is uniformly chitinised. The vertex extends from the ptilinal 
suture to the posterior border of the head capsule. The middle part of the 
vertex is the mediovertex (mdv.). It represents a narrow membranous strip 
which is continuous with the ptilinal membrane anteriorly. The posterior part 
of this subregion is divided into two branches, which in N. amboinensis 
surround the other subregion of the vertex, the postvertex (pv.) laterally. 
In R. lobulata the branches extend laterally at right angles to the anterior 
part of the mediovertex, forming an inverted T (Text-fig. 1 B). 

The postvertex (pv.) corresponds to the vertical triangle of the Muscids 
and is distinct in nearly all the flies of this subfamily which have been studied. 
In N. amboinensis the postvertex is surrounded by the mediovertex, with 
the exception of its rounded posterior border, where it is separated from the 
occiput by a very thin chitinous streak. Its surface bears short setae directed 
upwards. In R. lobulata, owing to the great dorso-ventral flattening of the 
head, the postvertex is very much broader than long. Its anterior border is 
separated by the mediovertex from the other chitinised subregions of the 
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vertex, while posteriorly it is continuous with the occiput. Its posterior 
border is nearly straight and bears two or four short, stout setae directed 
backwards. In P. lineata the postvertex is obsolete through the membranisa- 
tion of the posterior part of the head, while in A. megastigma it is separated 
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Text-fig. 1. A, dorsal view of head of Nycteribosca amboinensis Rondani; B, dorsal, and C, 
ventral view of head of Raymondia lobulata Speiser. In A and B, right antenna removed 
to show antennal pit. 


into two parts by a narrow, median furrow. Each part is festoon-shaped and 
bears two setae, a strong one at the anterior border and a short one behind. 
The largest part of the vertex is occupied by the laterovertices (/v.), which 
are separated from each other by the mediovertex. The surface of the latero- 
vertex of N. amboinensis is uniform and bears many erect setae. These are 
very long in the anterior part of this subregion and gradually become shorter 
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posteriorly. Each laterovertex of R. lobulata is thickened along its inner 
border. This thickening projects inside the head capsule and is shown by 
dotted lines in the Text-fig. 1 pn. The surface of the laterovertex is very setose, 
all the setae are decumbent and directed backwards, with the exception of 
the stout setae along the inner border, which overlap the anterior part of the 
mediovertex. In 7’. caecus the laterovertex is very convex, it bears long setae 
along the apex and a few very long ones in its postero-lateral part. In 
N. amboinensis and R. lobulata the laterovertex is continuous with the gena 
and the postgena laterally; there is no suture separating these regions of the 
head. In 7’. caecus, however, there is a concave membranous space extending 
between the antero-lateral part of the laterovertex and the gena (Text-fig. 2 8). 
This space is much more distinct in P. lineata, while in A. megastigma there 
is already complete separation of the laterovertex from the other regions of 
the head capsule. The Jaterovertex of the latter fly is represented by a strongly 
chitinised plate and in position and structure greatly resembles that of the 
subfamily Streblinae. 

In the antero-lateral part of the laterovertex there are present unfacetted 
or few-facetted eyes. In some species of the subfamily the eyes are absent. 
Their position and connection with the cephalic ganglion shows that they 
represent the greatly reduced compound eyes. The unfacetted eyes of the 
Streblidae and the Nycteribiidae are not formed by a single amatidium, but 
originated through the reduction and subsequent fusion of a number of 
amatidia. 

The first, or reduction process, is indistinct in the Streblidae, but is evident 
in the other pupiparous family, the Hippoboscidae, where the amatidia are 
incorporated with the ocular sclerite. The fusion of the amatidia may be 
illustrated by the eyes of A. megastigma and P. lineata. In these flies the eyes 
are comparatively large and have practically the same structure as those of 
the genera Strebla and Euctenodes, but a closer examination reveals that only 
in A. megastigma are the eyes facetted, while in P. lineata the facets are 
indistinguishable. The eyes (e.) of N. amboinensis are similar in structure to 
those found in some genera of the Nycteribiidae. They are very small and 
represented by hemispherical elevations. In R. lobulata there are no traces of 
the eyes on the lateral surface of the head, but the reduced internal structure of 
the eyes and the optic nerves (op.n.) are present (Pl. XVIII, fig. 1). The eyes of 
T’. caecus are comparatively large, they are surrounded by a slightly thickened 
chitinous ring and situated immediately above the membranous space which 
has been already described (Text-fig. 2 8). In some species of this genus they 
are formed by a smal! number of facets. 

The region which extends from the postvertex to the occipital foramen 
(oc. f.) and surrounds the dorsal half of the latter, is the occiput (oc.). This has 
a very smooth surface, since it is in close contact with the anterior part of 
the thorax. The occiput of all the above-mentioned species is nearly vertical 
to the longitudinal body axis and does not extend very much over the lateral 
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surfaces of the head capsule. The lateral parts of the occiput of R. lobulata are 
deeply concave and together with the postgenae form deep depressions for 
the globular coxae of the anterior pair of legs. 
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Text-fig. 2. Lateral view of head. A, Nycteribosca amboinensis Rondani; 
B, Trichobius caecus Edwards. 


The postgenae (pg.) occupy the ventral and parts of the lateral surfaces 
of the head; posteriorly they extend to the border of the occipital foramen. 
On the ventral surface of the head they are separated from each other by a 
wide membranous space, like those of the Hippoboscidae and the Nycteri- 
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biidae (Text-fig. 1c). They have smooth surfaces at the occipital foramen, 
the rest being very setose. In N. amboinensis and T. caecus they have the 
longest setae along their inner border, to which the membrane is attached. 
The surface of the postgenae of R. lobulata is covered with short stout setae ; and 
there are, besides, very long setae in the middle not far from the inner border. 

The major portions of the latero-anterior parts of the head are occupied 
by the genae (g.). It is rather difficult to tell how far the genae extend ven- 
trally, since there are no sutures which separate them from the postgenae. 
In R. lobulata they form the most anterior parts of the head capsule and 
merge into the laterovertex dorsally. In N. amboinensis they occupy the 
setose areas which extend from the eyes ventrally, beyond the base of the 
palps. The gena of 7’. caecus is separated from the laterovertex by the mem- 
branous space and its setose area occupies nearly one-half of the lateral 
surface of the head. 


wbs 





Text-fig. 3. Nycteribosca amboinensis Rondani. A, fronto-clypeus; B, part of fulerum. 


The chitinised structure which lies in front of the vertex, and is surrounded 
laterally by the anterior borders of the genae, is the fronto-clypeus (f.c). The 
structure of the fronto-clypeus differs slightly from that of the Nycteribiidae, 
but its position with regard to the other regions of the head capsule is essen- 
tially the same. In all the species of the subfamily Nycteriboscinae which 
have been studied, with the exception of R. lobulata, the fronto-clypeus 
occupies a nearly vertical position in the head capsule, but in the species 
mentioned of the genus Raymondia it is horizontal. The attachment of the 
fronto-clypeus to the other parts of the head capsule is as follows: From its 
posterior border arises the ptilinal membrane which, forming a shallow de- 
pression inside the head capsule, bends dorsally and is continuous with the 
membrane of the mediovertex posteriorly. Each lateral part of the ptilinal 
membrane extends along the lateral border of the fronto-clypeus, connecting 
the latter with the anterior border of the laterovertex and the genae. At the 
angle formed by the lateral and the anterior border of the fronto-clypeus, 











65 











423 


the ptilinal membrane becomes continuous with the rostrum membrane. 
Text-fig. 3 4 shows that the fronto-clypeus of N. amboinensis is nearly tri- 
angular in form and bears strong setae in its thickened latero-ventral parts. 
Its outline follows that of the anterior border of the head capsule to which 
it is attached by the ptilinal membrane (pt.m.); the membrane attached to 
its ventral border is the rostrum membrane (r.m.). The dorsal part of the 
fronto-clypeus is fused with the first antennal segments, or the scapes (sep.); 
these form the apertures through which the antennal nerves pass into the 
second antennal segments. In the middle, between the scapes and the ventral 
border, the fronto-clypeus is elevated, while its lateral parts are depressed, 
forming the antennal pits (a.p.) in which lie the ventral parts of the second 
antennal segments. 

In the Streblidae the ptilinal membrane does not form a sack inside the 
head, as in the Hippoboscidae; in N. amboinensis it forms a very shallow 
depression under the anterior border of the vertex, while in 7’. caecus and 
R. lobulata this depression is somewhat deeper and more distinct. 

Whether the membrane of the ptilinum and the mediovertex of the 
Streblidae serve the same purpose as those of the Hippoboscidae, it is im- 
possible to say, since the hatching of these flies has not been observed. 
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THE HEAD CAPSULE OF THE SUBFAMILY STREBLINAE. 
(Text-fig. 4.) 

To this subfamily belong three genera of the Streblidae: Strebla, Euctenodes 
and Metalasmus. Upon the presence of the ctenidium on the ventral surface 
of the head, a characteristic form of the palps and some other peculiarities 
of their structure, Speiser (1900) differentiated them into a separate sub- 
family. Of this subfamily, the head capsule of Strebla vespertilionis Fabricius 
has been studied in detail and compared with that of Euctenodes mirabilis 
Waterhouse. Though the description given below refers to the former fly, 
it may, nevertheless, be equally applied to the latter, since the structure of 
the head of £. mirabilis differs only in minute details from that of S. vesper- 
tilionis. The author has not seen the species of the genus Metalasmus Coquillett. 

The head capsule of S. vespertilionis is strongly flattened dorsoventrally 
and lies parallel to the longitudinal body axis. When viewed laterally it is 
triangular in form. The ventral surface of the head is flat and lies on the 
same level as that of the thorax, but the dorsal surface, which is also flat, 
slopes towards the anterior margin of the head. The dorsal surface is almost 
entirely occupied by the fronto-clypeus and the vertex. The latter is sub- 
divided into several subregions. Being strongly chitinised and separated by 
the wide membranous spaces, the subregions of the vertex are much more 
distinct than those of the vertex of the subfamily Nycteriboscinae. 

The middle membranous part of the vertex, which resembles an inverted V, 
is the mediovertex. Its membrane is connected with the middle of the posterior 
border of the fronto-clypeus and extends posteriorly, dividing into two 
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branches. These separate the laterovertices (lv.) from the postvertex (pv.). 
Each branch of the mediovertex is continuous laterally with the wide mem- 
branous space which separates the postero-lateral border of the laterovertex 





Text-fig. 4. Strebla vespertilionis Fabricius. A, dorsal, and B, ventral view of head. 


from the postgena (pg.) and the facetted eye from the gena (g.). The lateral 
edge of this space is chitinised and bears a row of setae, behind which there 
is present an oblong plate which has a very long seta in the anterior part and 
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a remiform scale (rm.scl.) in the posterior part. The remiform scale represents 
the modified seta and is absent in the head of EZ. mirabilis. The membranous 
space just described undoubtedly represents the modified parts of the post- 
gena and gena and probably also a small portion of the vertex, which lies 
immediately behind the eye. The membranous space of F. mirabilis is poorly 
developed and very much resembles that which has been already described 
in A. megastigma. 

The most conspicuous subregions of the dorsal surface of the head are 
the laterovertices (lv.). Each of them is represented by an irregularly shaped 
plate of which the anterior part is setose and overlaps the postero-lateral 
border of the fronto-clypeus. In the middle there is present a very long, 
strong seta which is directed across that of the other laterovertex, and two 
much shorter backwardly directed setae in the posterior part, the lateral 
edge of the laterovertex is thickened, forming an apodeme which projects 
inside the head capsule and is shown by a dotted line in Text-fig. 4 a. 

The modified compound eye (e.) of this fly consists of seven facets and lies 
in the sinuate antero-lateral part of the laterovertex. 

The postvertex (pv.) is also a very distinct subregion of the vertex, its 
anterior part is triangular and there is a narrow, median furrow extending 
along the middle. The posterior edge of this subregion is flat and festooned; 
it overlaps the anterior part of the thorax and bears strong setae directed 
backwards. The region which lies between the posterior edge of the postvertex 
and the occipital foramen (oc.f.) is the occiput (oc.). This is concave in its 
dorsal part and has a smooth surface. 

All the ventral and a part of the posterior surface of the head belongs to 
the postgenae (pg.). These extend from the ventral border of the occipital 
foramen to the anterior border of the head. On the posterior surface of the 
head the postgenae are deeply concave, especially in their lateral parts, where 
they form depressions for the coxae of the anterior pair of legs, but on the 
ventral surface of the head they are flattened and together with their concave 
parts form an edge which bears a very strong ctenidium (ct.). The ctenoid 
edge bends over the dorsal surface of the head, where it extends to the oblong 
plates which carry, the remiform scales. In the middle of the ventral surface 
of the head, the postgenae are separated from each other by the membranous 
space (m.) and each bears three very weak setae, while the rest of their surfaces 
are bare. The genae (g.) lie at the sides of the fronto-clypeus, from which they 
are separated by the membrane, but on the ventral surface of the head they 
are fused with the postgenae. 

The fronto-clypeus of S. vespertilionis in general resembles that of R. lobu- 
lata, but in its anterior part it has a different structure and is differently 
connected with the rostrum membrane. Instead of being represented by one 
chitinous piece, it consists of two. Of these the anterior one (a. fc.) is slightly 
arched and is separated from the anterior border of the main piece by the 
membranous space (Text-fig. 6 a). The anterior part of the main piece is very 
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thick and its lateral parts are bent ventrally. It forms the rounded anterior 
border of the antennal pits (a.p.), separating the latter by a short, backwardly 
directed median elevation. The connection of the fronto-clypeus with the 
vertex is practically the same as in the subfamily Nycteriboscinae, while its 
arched anterior part is attached to the membranous cone which overlaps the 
palps (p.). This cone is chitinised laterally (ch.) and has originated through 
the modification of the part of the rostrum membrane which extends from 
the labrum-epipharynx and the theca to the anterior border of the fronto- 
clypeus. In Z. mirabilis the fronto-clypeus consists of one piece. Its anterior 
part is fused with the cone-shaped but chitinised structure, which is un- 
doubtedly homologous to the membranous cone of S. vespertilionis. The 
antennal pits of #. mirabilis are much deeper and their anterior edges form a 
V-shaped structure which overlaps the antennae and projects between them 
posteriorly. 

The ptilinal sack is absent in this subfamily, though the membrane con- 
necting the fronto-clypeus with the vertex is unquestionably derived from 
the reduced ptilinal membrane. 


THE ANTENNAE. 
(Text-fig. 5.) 

In the members of the subfamily Nycteriboscinae which have shallow 
antennal pits, the antennae are much more distinct than those of the Streb- 
linae. In both subfamilies they consist of two distinct segments, which either 
project in front of the head, overlapping the fronto-clypeus, or are deeply 
merged into the pits and partly overlapped by the borders of the latter. The 
last condition is present in the genera with the flattened head, i.e. Raymondia, 
Strebla and Euctenodes. The antennae of the two last-named genera were 
described by Kessel (1924). A single species of the genus Metalasmus, 1.e. 
M. pseudopterus, has no antennae according to the original description given 
by Coquillett (1907). The two visible segments of the antennae of the Streblidae 
are homologous to the second and third segments of the muscid antennae. 
The first segment, or the scape, is either obsolete or, as in N. amboinensis, is 
fused with the fronto-clypeus. Thus, the first movable antennae segment is 
the pedicle (pd.). In N. amboinensis it is cone shaped and has a very distinct 
furrow (f.p.) which extends along its dorsal surface towards the base, dividing 
this surface into two unequal parts. This furrow closely resembles that of 
the muscid antennae. The anterior surface of the pedicle is concave, it forms 
a toothed process in the middle, which serves for the attachment of the second 
antennal segment, or the flagellum. The surface of the pedicle is covered with 
parallel rows of very short spines, which become longer and denser towards 
the anterior edge of this segment. Four laterally directed setae are present 
on the ventral surface of the anterior border. In the postero-ventral part 
the pedicle has an opening, through which the antennal nerve (an.n.) passes, 
giving off three branches inside the segment. One branch penetrates the 
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toothed process and ends in the flagellum, while the other two end in the mass 
of ganglionic cells of the pedicle (Pl. XVIII, fig. 2). The pedicle of 7. caecus 
differs but little from that described above. In R. lobulata it lies much deeper 
in the antennal pit, consequently its dorsal surface rises only slightly above 
the dorsal surface of the head when viewed laterally. The anterior surface of 
the pedicle of E. mirabilis forms a deep cavity in which the second antennal 
segment, or the flagellum, is concealed up to the base of the arista. 

The flagellum (f.), in fact, consists of two greatly modified segments. The 
first segment of the flagellum of N. amboinensis is pyriform; it is covered 
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Text-fig. 5. Nycteribosca amboinensis Rondani. A, toothed process of pepicle; B, antenna, 


with very minute spines and has rounded, shallow olfactory pits in its antero- 
dorsal part. These pits are surrounded by long scales and each of them has 
a peg-like olfactory sensilla (0.s.). Besides these pits there is present a very 
deep, narrow olfactory pit (0.p.), which has an opening on the outer surface 
of the segment. The second greatly modified segment of the flagellum, the 
arista (a.), is attached dorsally. It is very long and branched at the apex. 
The first segment of the flagellum of 7’. caecus resembles that of N. amboinensis 
described above, but its arista is much shorter and bends backwards. It has 
branches only on one side, which extend nearly to its base. The arista of 
R. lobulata is very short and densely branched, resembling a spherical tuft. 
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THE MOUTH PARTS. GENERAL ACCOUNT. 
(Pl. XIX, figs. 3 and 4.) 

The proboscis of the Streblidae consists of the same parts as that of the 
other families of the group Pupipara. In the structure and the arrangement 
of the chitinous parts it resembles much more closely the proboscis of the 
Nycteribiidae than the Hippoboscidae. As in the last-named two families it 
is divided into three distinct regions, viz. the rostrum, the haustellum and the 
labella. 

The rostrum is composed of the following parts: The rostrum membrane 
(r.m.), the maxillary palps (p.), the postpalpal plates (pp.p.), the stipites (s.), 
the anterior part of the common salivary duct (c.sl.d.) with the salivary 
pump (sl.p.) and the fulerum. The last-named structure is formed by the 
fusion of the tormae (¢.), paratormae (pta.) and the pharynx (ph.). Of the 
chitinous parts of the rostrum, only the maxillary palps and the postpalpal 
plates lie externally, while the other structures are surrounded by the mem- 
brane and occupy a position inside the anterior part of the head capsule. To 
the anterior part of the rostrum membrane is attached the second region of 
the proboscis, or the haustellum. This includes the labrum-epipharynx (lep.), 
the hypopharynx (h.), the labial gutter (/.g.) and the theca (th.). The two last- 
named parts belong morphologically to the labium. The labella (/ab.) are the 
distal parts of the proboscis; morphologically they also belong to the labium 
and in all the Diptera represent the greatly modified labial palps. In several 
genera of the Streblidae the labella vary very much in length; their structure 
is the same as that of the Nycteribiidae. 


THE ROSTRUM. 
(Text-figs. 3 and 6; Pls. XVIII and XIX.) 


The rostrum membrane (r.m.) is thick and exhibits a fibrous structure in 
the stained preparations. Its surface is covered with very minute spines, 
which in R. lobulata are arranged in short transverse rows. The attachment 
of the rostrum membrane in the subfamily Nycteriboscinae greatly resembles 
that of the Nycteribiidae, especially in the genera Nycteribosca and Trichobius. 
When the proboscis is protracted, the rostrum membrane forms a membranous 
cone in the antero-ventral part of the head (Text-fig. 2 B). The anterior part 
of the rostrum membrane is attached to the posterior border of the theca (th.) 
and the labrum-epipharynx (lep.), and is continuous between them with the 
dorsal membranous parts of the haustellum. The posterior part of the rostrum 
membrane is attached to the anterior border of the head capsule in the 
following manner: the part of the membrane arising from the posterior border 
of the labrum-epipharynx and the dorsal parts of the theca, extends dorsally, 
surrounding the postpalpal plates and the base of the palps (Pl. XIX, fig. 4). 
Between the latter it is attached to the anterior border of the fronto-clypeus 
and at the side of them is continuous with the ptilinal membrane, being 
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attached laterally to the genae. The part of the membrane arising from the 
postero-lateral and ventral borders of the theca is attached to the postgenae 
and is continuous with the median membrane of the ventral surface of the 
head. When the proboscis of N. amboinensis and T’. caecus is retracted the 
rostrum membrane invaginates inside the head, forming a fold round the 
haustellum. In R. lobulata only that part of the rostrum membrane forms the 
fold which lies dorsally to the theca, while the membrane attached to the 
ventral border of the latter has no fold. Consequently the haustellum of this 
fly cannot be protracted as can that of N. amboinensis, or T. caecus. In the 
subfamily Streblinae we have a different arrangement of the rostrum mem- 
brane between the dorsal part of the haustellum and the anterior border of 
the fronto-clypeus. This difference originated through the great dorso-ventral 
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Text-fig. 6. Strebla vespertilionis Fabricius. A, ventral view of fulcrum and fronto-clypeus; 
B, haustellum and labella; C, postpalpal plate. 


flattening of the head capsule and the modification of the position and 
structure of the maxillary palps. The latter are very broad and approach each 
other by their inner borders. When this modification was brought about, the 
part of the membrane between and below the palps was forced upwards be- 
tween them to form the membranous cone described elsewhere. The ventral 
part of the rostrum membrane of S. vespertilionis immediately behind the 
posterior border of the theca is modified into a small chitinous plate, and the 
membranous fold is absent, therefore the haustellum of this fly cannot be 
protracted. 

The mazillary palps (p.) of the Streblidae consist each of a single segment. 
In N. amboinensis and T. caecus they closely resemble those of the Nycteri- 
biidae. Their outer surface is convex and chitinised, it is covered with strong 
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setae and very minute spines; the inner surface is membranous and concave. 
They are very closely attached to the antero-lateral border of the fronto- 
clypeus and project anteriorly. The palps of R. lobulata are short and much 
broader in their anterior part than at the base. The ventral surface of the 
palps, which corresponds to the outer surface of those of Nycteribosca and 
Trichobius, is also chitinised and bears many setae directed anteriorly, while 
the setae arising from the anterior border are directed dorso-laterally. The 
palps are attached by the rostrum membrane to the anterior border of the 
fronto-clypeus and are slightly bent dorsally (Text-fig. 1 B and c). 

In the subfamily Streblinae we have a very characteristic form of the 
palps. Being very large and approximated in the middle, they represent the. 
most conspicuous structures of the anterior part of the head capsule. In 
S. vespertilionis they are triangular in form; their ventral surface is convex 
and strongly chitinised. It bears transverse rows of very strong setae directed 
postero-laterally (Text-fig. 4B). The outer edge of the palps is bent dorsally 
and is festooned; it bears many setae similar to those of the ventral surface, 
and one very strong and long seta which extends posteriorly to the middle 
of the laterovertex (Text-fig. 4.4). The palps are attached by their inner 
corners to the rostrum membrane. 

Quite close to the base of the maxillary palp there is present in some 
Streblidae a small, curved plate. This was described as the postpalpal plate 
by Jobling (1928) in the Nycteribiidae. It extends along the rostrum mem- 
brane from the base of the palp towards the labrum-epipharynx. The plates 
are present in the rostrum of N. amboinensis and T’. caecus, where they occupy 
exactly the same positions as those of the Nycteribiidae (Pl. XIX, fig. 4). They 
are absent in the rostrum of R. lobulata. The postpalpal plates (pp.p.) of 
S. vespertilionis follow the modification of the rostrum membrane and become 
dorsal with regard to the maxillary palps. Each of them lies immediately 
above the inner border of the palp, being attached by the rostrum membrane 
to the latter (Text-figs. 4 a and 6 c). As regards the homology of the postpalpal 
plates, it is necessary to compare them with the chitinised plates which occur 
at the base of the palps in the Acalyptrata and the Calyptrata. Of these 
plates one extends from the base of the palp along the lateral surface of the 
rostrum membrane ventrally. This, according to Peterson (1916), represents 
“the ectal portion of the stipes” and is present in a majority of the Acalyp- 
trata. While the other plate, which extends from the base of the palp along 
the anterior surface of the membrane towards the labrum-epipharynx, is the 
secondary chitinisation of the rostrum membrane, and it is present in many 
Calyptrata. The position of the latter plate, with regard to the base of the 
palp, corresponds to that of the Nycteribiidae and the Streblidae. Therefore 
it seems to me more probable that the postpalpal plates correspond to the 
secondary chitinisations of the rostrum membrane of the Acalyptrata and 
the Calyptrata. 

The maxillary palps of the Streblidae have no direct connection with 
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the muscles. Therefore their movement depends upon the muscles of the 
rostrum. 

The stzpites (s.) are very similar in structure and position to those of the 
Nycteribiidae. They represent long, curved chitinous rods of which the 
proximal end is movably attached to the postero-lateral part of the labrum- 
epipharynx, where they are also connected with the rostrum membrane. 
Their distal end has no connection with the other chitinous structures of the 
rostrum, it serves for the attachment of the muscles. A separate description 
of the stipites of the species studied is unnecessary, since they have practically 
the same structure. 

The fulcrum (f.). It has already been mentioned that this is composed 
of two tormae which are connected with the pharynx by the secondary 
structures, or the paratormae. The fulcrum of the subfamily Nycteriboscinae 
has essentially the same structure as that of the Nycteribiidae. The 
tormae (¢.) are separated from each other and are attached to the antero- 
lateral parts of the fronto-clypeus, immediately behind the base of the 
maxillary palps. From the posterior part of each torma arises the para- 
torma (pia.); this represents a curved rod of which the posterior part is 
broadened and fused with the lateral part of the pharynx (ph.). The latter is 
composed of an oblong, chitinised posterior plate, which forms the lateral and 
the posterior walls of the pharynx, and a membranous anterior plate. The 
latter is attached to the anterior border of the former and has in the middle 
the median plate (m.p.) into which are inserted very strong pumping muscles. 
The dorso-lateral parts of the pharynx are prolonged into strong processes, 
or cornua (cu.), their apices are rounded and serve for the insertion of the 
muscles of the rostrum. Between the cornua the lumen of the pharynx is 
continuous with that of the oesophagus (0.). This bends downwards and then 
passes through the canal of the cephalic ganglion towards the mid-gut. The 
cornua are surrounded by the roots of the frontal ganglion laterally. The 
ganglion lies immediately in front of them and gives off two nerves—the 
labral, which bends to the labrum-epipharynx and ramifies into the muscles 
of the pharynx, and the recurrent (rc.n.), which passes backwards along the 
oesophagus to the mid-gut. The pharynx becomes very narrow anteriorly; 
its dorsal membranous wall is continuous with the epipharynx, while the 
ventral and the lateral walls, which are chitinised, are attached to the posterior 
part of the hypopharynx. The fulcrum of R. lobulata is correlated with the 
general modification of the head capsule (Pl. XIX, fig. 3). Its tormae are widely 
separated from each other; the paratormae are straight and extend antero- 
laterally from the pharynx. The latter is broad and rounded in the posterior 
part, but it becomes very narrow towards the labrum-epipharynx. The cornua 
are extremely broad at the base and pointed at the apex, they are very flat 
and spread laterally. The fulcrum of S. vespertilionis is also correlated with 
the general modification of the head capsule, though its tormae are not 
completely separated from each other. Their elongated inner parts are 
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connected together and fused with the posterior edge of the anterior part of 
the fronto-clypeus (Text-fig. 6 a). 

The pumping action of the pharynx depends upon the contraction and 
relaxation of the dilators of the pharynx (d.ph.). These are very strong muscles 
and are represented by an anterior and a posterior set. The muscles of the 
former set arise from the paratorma and are inserted into the anterior part 
of the membranous plate of the pharynx. They are probably homologous to 
the elevators of the hyoid of the Nycteribiidae. The muscles of the latter set 
arise from the tormae and the anterior part of the fronto-clypeus and are 
inserted into the median plate. These are homologous to the same muscles of 
the Hippoboscidae and the Nycteribiidae. It seems to me that the two sets 
of the dilators act alternately, otherwise the flow of blood would not pass 
regularly towards one direction in the lumen of the pharynx. Besides, there 
is no sphincter of the oesophagus to close the lumen of the oesophagus during 
the relaxation of the dilators of the pharynx as there is in the other Diptera. 

In the narrow part of the pharynx of all the Streblidae which have been 
studied, there are present many small bristles projecting into the lumen and 
directed backwards (Pl. XIX, fig. 2; Pl. XX, fig. 20). These bristles are also 
present in many Cyclorrhapha, Calyptrata and Acalyptrata. According to 
Kraepelin (1883) they serve to hold back any solid particles which may be 
drawn into the alimentary canal, but Frey (1921) regards them as true sense 
organs. In Calliphora erythrocephala these bristles are connected through the 
pore-canal with the cells of the outer surface of the anterior plate of the pharynx, 
but I could not detect this connection with the cells in the Streblidae, probably 
owing to the thickness of my sections. However, as regards their function, 
I agree with Frey. 

Immediately below the posterior plate of the pharynx lies the salivary 
pump (sl.p.). This is represented by a large membranous sack which has 
originated through the dilatation of the anterior part of the common 
salivary duct (c.sl.d.). The pump is continuous with the hypopharynx an- 
teriorly, while into its posterior part, which bends dorsally, are inserted the 
pumping muscles (sl.p.m.). These arise from the posterior surface of the cornua 
and are homologous to those of the Hippoboscidae and the Nycteribiidae, in 
which, however, the modified part of the common salivary duct serves as 
valve. 


THE MUSCLES OF THE ROSTRUM. 
(Pl. XVIII, figs. 1 and 2.) 

The posterior part of the head capsule is occupied by the cephalic ganglion, 
which consists of the closely united supraoesophageal (sp.g.) and the suboeso- 
phageal (sb.g.) ganglions. The space above and below the cephalic ganglion 
is filled with multinucleate fat-body cells (f.b.) and the tracheae. There are 
no large air sacks as, for example, in the head of Musca and Calliphora; the 
respiratory system, like that of the Hippoboscidae and the Nycteribiidae, is 
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indeed, very poorly developed. The anterior part of the head capsule, which 
lies in front of the cephalic ganglion, is almost entirely occupied by the 
chitinous structure of the rostrum and its muscles. The musculature of the 
head is very well developed and has very much in common with that of the 
Nycteribiidae. Besides the muscles of the rostrum there are two sets of 
antennal muscles and one of fronto-clypeal. 

The elevators of the pedicle (e.pd.). These muscles are homologous to the 
same of the Nycteribiidae. Each of them arises from the short process of the 
inner surface of the fronto-clypeus and is inserted into the dorsal part of the 
edge which surrounds the opening of the posterior part of the pedicle. 

The depressors of the pedicle (d.pd.). Each of these muscles arises from the 
same part of the fronto-clypeus as the elevators and is inserted into the ventral 
part of the edge surrounding the opening of the pedicle. These muscles are 
slightly smaller than the elevators and their homology is not clear. 

The elevators of the fronto-clypeus (e.fc.) are homologous to the same muscles 
of the Nycteribiidae. They are represented by comparatively strong bands 
arising from the postgenae and inserted into the latero-dorsal border of the 
fronto-cly peus. 

The depressors of the fulerum (d.f.) are homologous to the same of the 
Hippoboscidae and the Nycteribiidae. Each of them is represented by a very 
strong band arising from the antero-lateral part of the gena and is inserted 
into the cornu of the pharynx. 

The protractors of the haustellum (p.hu.) are homologous to the same 
muscles of the Hippoboscidae, but have a different attachment; they are also 
homologous to the elevators of the postpalpal plates of the Nycteribiidae. 
These muscles arise from the anterior part of the fronto-clypeus and are 
inserted into the proboscis membrane not far from the proximal end of the 
stipites. 

The elevators of the stipites (e.s.) are homologous to the same of the Nycteri- 
biidae; like those of the latter family, they arise from the postpalpal plates 
and are inserted into the stipites. 

The depressors of the stipites (d.s.). These are also homologous to the same 
of the Nycteribiidae. They arise from the narrow anterior part of the pharynx 
and are inserted into the distal end of the stipites. 

All the above-described muscles, with the exception of the antennal, 
serve to protract the proboscis, but they do not act simultaneously; the pro- 
tractors of the haustellum and the elevators of the fronto-clypeus contract 
first. The former muscles pull out the haustellum, while the latter raise the 
anterior part of the fronto-clypeus and at the same time unbend the rostrum 
membrane, making room for the chitinous part of the rostrum and the 
haustellum to be protracted farther on by the contraction of the depressors 
of the fulcrum. The depressors and the elevators of the stipites act during the 
depression and the rotation of the haustellum. 

The retractors of the haustellum (r.hu.). These are very long and strong 
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muscles; they are homologous to the same of the Hippoboscidae and the 
Nycteribiidae. Each of them arises from the lateral part of the postgena and 
is inserted into the posterior border of the theca. 

The retractors of the rostrum (r.r.). These muscles are very strong and long 
in R. lobulata, but are very poorly developed in N. amboinensis. They are 
homologous to the same muscles of the Hippoboscidae and the Nycteribiidae. 
Each of them arises from the postero-lateral part of the postgena and is 
inserted into the stipes not far from its proximal end. 

The last two pairs of muscles perform the retraction of the proboscis. The 
retractors of the haustellum contract first, withdrawing it upwards. With 
these muscles co-operate the depressors and the elevators of the stipites in 
the retraction of the rostrum membrane and the postpalpal plates. When the 
haustellum is partly withdrawn into the head its farther retraction is brought 
about by the contractors of the retractors of the rostrum. It has already 
been pointed out that owing to the peculiar structure of the rostrum mem- 
brane of R. lobulata its haustellum cannot be protracted as can that of 
N. amboinensis and T. caecus. During the contraction of the muscles of this 
fly the haustellum is depressed and is directed downwards, occupying a 
nearly vertical position with regard to the ventral surface of the head. In 
the resting proboscis it is directed forwards, while its postero-dorsal part is in 
close contact with the overlapping part of the rostrum membrane and the 
base of the maxillary palps. This has been observed in many spirit specimens 
of R. lobulata. The position of the haustellum of S. vespertilionis and FE. mira- 
bilis in feeding is apparently the same as in the above-mentioned fly. 


THE HAUSTELLUM. 
(Text-fig. 6; Pls. XIX and XX.) 

Before proceeding to the detailed description of this region of the proboscis 
it is necessary to point out that in my previous paper (1928) I drew an 
incorrect inference with regard to the morphology of the parts of the theca 
and the labella in the Nycteribiidae. I referred the external structure of the 
narrow anterior part of the haustellum to the theca, but, in fact, this represents 
the elongated labella. My mistake became obvious during the examination 
of the structure of these parts in the Streblidae. It has been found that 
in several genera of the family the labella vary very much in length and their 
modification towards those of the Nycteribiidae is very gradual. Moreover, 
the posterior chitinised parts of the labella are very sharply delimited by the 
membrane from the theca, which is not elongated as in the blood-sucking 
Muscidae and the Hippoboscidae. 

The theca (th.) forms the external part of the haustellum, as in all the 
other Diptera. In N. amboinensis it is represented by a strongly chitinised 
gutter, which is nearly twice as broad in the posterior as in the anterior part. 
Its ventral and part of its lateral surfaces bear short setae directed anteriorly. 
The membrane arising from each dorsal border of the theca bends inwards 
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and is attached to the labial gutter (Pl. XX, figs. 15-18). It is continuous 
with the rostrum membrane in the posterior part of the haustellum and with 
the membrane of the labella in the anterior part. Not far from the anterior 
end of the labrum-epipharynx and immediately behind the postero-dorsal 
plates of each labellum there are present small, weakly chitinised plates 
bearing short, thin setae; these are the sensory plates (s.p.). They correspond 
to those of the Nycteribiidae and are much more distinct on the membrane 
of the haustellum of the Streblinae than of the Nycteriboscinae. The sensory 
plates are absent in the blood-sucking Muscidae and the Hippoboscidae, but 
an examination of the proboscis of some non-blood-sucking Calyptratae re- 
vealed the presence of small patches of short bristles on the membrane of 
the haustellum. Since these occupy exactly the same position as those of the 
sensory plates of the Streblidae, it is quite possible that they correspond to 
the latter. The structure of the theca varies very much in the Streblidae. 
Thus, in the genus Raymondia (Pl. XIX, figs. 3 and 7), it is broad and only 
slightly convex ventrally; its dorsal borders bend abruptly inwards, forming 
sharp lateral margins. 

The theca of Paradyschiria and Aspidoptera resembles that of Nycteri- 
bosca, though not so deeply guttered, while in the genera Trichobius, 
Strebla and Euctenodes it is essentially similar to that of the Nycteribiidae 
(Text-fig. 6 B). . 

The labial gutter (l.g.) represents a strongly chitinised, rod-shaped struc- 
ture which extends through the middle part of the theca into the labella in 
the same manner as in the Nycteribiidae. The base of the labial gutter is 
fused with that of the labrum-epipharynx and the hypopharynx (Pl. XX, 
figs. 17-19), but anteriorly the two latter parts become separated from the 
gutter and lie enclosed in its dorsal part. Under the posterior part of the 
hypopharynx, the walls of the labial gutter project inwards and, interlocking 
with each other, divide the gutter longitudinally into a dorsal, or the salivary 
(s.c.), and a ventral, or the food (fo.c.), canal. In the anterior part of the 
haustellum, the membranes connecting the dorsal borders of the labial gutter 
with those of the theca fuse together, as do the dorsal parts of the salivary 
canal (Pl. XX, figs. 13-14). Here the labial gutter becomes enclosed in the 
membranous septum (m.s.), which, so far as it is possible to understand the 
very complicated structure of this part of the haustellum, spreads anteriorly 
round the gutter and is attached to the posterior part of the labella (Pl. XX, 
figs. 11-12). 

The labial gutter of N. amboinensis gives off a very long and curved process 
posteriorly (pr.lg.). This is fused with the middle part of the posterior margin 
of the theca and serves for the attachment of the muscles of the haustellum. 
In R. lobulata, and apparently in all the Streblidae which have the flattened 
theca, this process is absent, the base of the labial gutter being fused with 
the posterior margin of the theca; consequently the muscles are attached to 
the middle of the posterior part of the latter. 


Parasitology xx1 
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The labrum-epipharynz (lep.) of the Streblidae, as in all the other Diptera, 
is formed by the fusion of the labrum (I.) and the epipharynx (ep.). It is 
triangular when viewed dorsally and has the same structure as in the Nycteri- 
biidae. The labrum-epipharynx of the genera Raymondia and Strebla is much 
shorter than that of Nycteribosca, and in all the Streblidae which have been 
studied, it extends along the labial gutter no farther than the sensory plates. 
The dorsal convex and the lateral concave parts of the labrum-epipharynx 
belong morphologically to the labrum, while the ventral part, which is convex 
dorsally, is the epipharynx. The latter is fused with the posterior part of the 
labial gutter and is continuous with the dorsal membranous plate of the 
pharynx posteriorly (Pl. XX, fig. 18). The epipharynx overlaps the hypo- 
pharynx dorsally; from its surface arise very minute sensillae which project 
into the food canal of the haustellum (Pl. XX, fig. 17). 

The hypopharynz (h.) is a thin and very slender organ penetrated by the 
salivary duct. It is not elongated as that of the Hippoboscidae and the 
Nycteribiidae, but extends only a little beyond the distal end of the labrum- 
epipharynx. Its proximal part is fused with the base of the labial gutter and 
the posterior plate of the pharynx (Pl. XX, figs. 18-19). When the hypopharynx 
becomes separated from the labial gutter it lies on the floor of the food canal 
of the haustellum but under the anterior part of the labrum-epipharynx it 
curves upwards and twists round, as in the Nycteribiidae, until one of its 
lateral edges occupies the dorsal position; it then becomes enclosed in the 
salivary canal of the haustellum (Pl. XX, fig. 15). 


THE LABELLA. 
(Pls. XIX and XX.) 

This region of the proboscis represents a very curious condition which 
outside this family is also present in the Nycteribiidae. The labella of the 
latter are very greatly elongated, strongly chitinised laterally and in several 
genera exhibit the same structure. But in the Streblidae they show different 
degrees of the modification towards those found in the Nycteribiidae. Thus, 
the labella of the generalised genera, Nycteribosca and Raymondia, are short 
(Pl. XIX, figs.3,4and 5). They are elongated in Paradyschiria and Aspidoptera, 
while in Trichobius and in the most specialised genera, Strebla and Euctenodes, 
they are as long as in the Nycteribiidae (Text-figs. 2B and 6 B). They differ, 
however, in one respect from the labella of the latter family, 7.e. their mem- 
branous walls are not bent inwards to be attached to the labial gutter, but 
are fused with each other, like those of the theca with which they are con- 
tinuous posteriorly. 

A critical examination of the structure of these parts in the Streblidae 
shows that they belong to the muscid type of the labella, which has been 
greatly modified in consequence of the adaptation of these flies to the parasitic 
mode of life. In the proboscis of N. amboinensis, shown on PI. XIX, figs. 4 and 5, 
it is seen that the most obvious modification occurs in the anterior parts of 
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the labella. These become narrow and produced into a serrated point to pierce 
the skin of the host. 

The walls of the labella surround the labial gutter and extend along the 
latter beyond its anterior end; here they bend inwards and form the inner 
walls. These are attached to the anterior margin of the gutter. Posteriorly 
the labella become broader; their ventral and lateral walls are attached to a 
horse-shoe shaped chitinous plate, which undoubtedly represents the modified 
furca of the muscid labella (fw.). The thick ventral part of the furca is attached 
to the anterior margin of the theca, while its thin lateral portions are separated 
from the latter by a very narrow membrane. In the Streblidae there is a 
marked tendency for the furca to become incorporated with the ventral part 
of the anterior margin of the theca. Thus, it is fused with the theca in 
R. lobulata, forming a very distinct suture, but in the species which have the 
elongated labella the furca is indistinct and there is no suture separating it 
from the theca. The postero-dorsal wall of each labellum is chitinised to form 
the postero-dorsal plate (pd.pl.). This is convex in the genus Nycteribosca and 
extends nearly to the furca laterally. The plate is attached by the membrane 
to the anterior part of the theca and serves for the insertion of the tendon of 
the retractor of the labellum (Pl. XIX, fig. 5, tn.r.lab.). In the labella of Ray- 
mondia the plates have practically the same structure, while in the genera 
which have the elongated labella the anterior part of each postero-dorsal 
plate is also elongated and extends to the apical part of the labellum, as in 
the Nycteribiidae. I take this opportunity of correcting my interpretation 
of the morphology of the plates in the latter family, which I assumed to be 
part of the theca and named the antero-dorsal pieces. 

The armature of the labella consists of eight serrated ridges and two inner 
teeth. There are also present fourteen very long gustatory sensillae and some 
small rod-shaped structures which probably represent the prestomal teeth. 
As regards the latter, I could not study them properly because my material 
did not contain a single specimen with perfectly everted labella on which 
only it is possible to see the structure and the position of these rods. 

The arrangement of the armature is as follows: The inner wall of the 
labellum is grooved longitudinally so as to form four ridges, each bearing a 
row of strongly chitinised teeth (¢e.r.). These teeth are of different sizes, the 
smallest is the most anterior, while towards the posterior part of the ridge 
the teeth increase in size and all are pointed backwards when the inner wall 
is everted (Pl. XIX, fig. 8, and Pl. XX, fig. 9). 

In the proboscis of the curious genus Ascodipteron, described by Muir 
(1912), the teeth of the serrated ridges of the labella in the female are enor- 
mously developed and serve to pierce the skin as well as to drag the insect 
into the wound, where it becomes encysted after shedding the legs and the 
wings. The labella of the male of this genus are very much smaller and have 
serrated ridges similar to those of Nycteribosca. 

The inner teeth (i.to.) have essentially the same structure and attachment 
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as those of the Nycteribiidae. They are very strong, claw-shaped and bifur- 
cated at the base. The lower branch of the bifurcated base is attached to the 
anterior edge of the labial gutter and the upper to the lateral part of the 
inner wall of the labellum (Pl. XIX, fig. 8). This means of articulation is a very 
important advance in the anatomy of the labella of these flies, since it allows 
the teeth a very wide range of lateral rotation during the protractions and 
retractions of the theca and the labella. 

As on the labellum of the Nycteribiidae, there are present seven very 
long and flexible gustatory sensillae (g.s.). These are arranged in a row on 
the anterior part of the inner wall, they are connected by long intralabial 
canaliculi (il.c.) with the sensory cells located in the cavity of the haustellum. 
The canaliculi arise from the membranous septum and extend through the 
labella along each side of the labial gutter (Pl. XIX, fig. 7, and Pl. XX, figs. 
10-13). In the posterior part of the labella, the walls of the canaliculi are 
rounded and strongly chitinised. Before their connection with the bases of 
the gustatory sensillae they become dilated and membranous again. 

The tendency towards the elongated type of the labella exhibited by the 
Streblidae helps us to understand the origin of the intralabial canaliculi. In 
the process of elongation of the labella, the gustatory sensillae were gradually 
carried apart from the sense cells and became connected with them by tiny 
protoplasmatic threads.. Since the latter pass through a very narrow cavity 
of the labella, between the greatly motile parts, it was necessary to protect 
them from distortion. This was ensured by the formation of the canaliculi. 

In the postero-lateral part of the labellum of N. amboinensis there are 
present seven very short, flame-shaped setae. These also have canaliculi 
arising from the anterior part of the membranous septum. The setae of the 
postero-dorsal plate are apparently tactile. They are short in Nycteribosca 
and Raymondia, but in the genera Trichobius, Strebla and Euctenodes, which 
have the greatly elongated labella, they are as long as those of the Nycteri- 
biidae. 


THE MUSCLES OF THE HAUSTELLUM AND THE MECHANISM OF THE LABELLA. 
(Pls. XVIII and XIX.) 

The cavity of the labella, as in the Nycteribiidae, is devoid of any living 
tissue. It has already been pointed out in my previous paper (1928) that the 
disappearance of the tissue is probably connected with the great reduction 
of the space between the labial gutter and the walls of the labella, and the 
extensive mobility of these parts during feeding. The cells connected with 
the sensillae of the labella lie in the dorso-anterior part of the cavity of the 
haustellum on each side of the labial gutter. All the ventral part of the 
cavity is occupied by the muscles, which are represented by the same sets 
as those of the Hippoboscidae and the Nycteribiidae. 

The retractors of the labella (r.lab.). These muscles arise from the postero- 
lateral part of the theca and their strong tendons are inserted into the lateral 
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part of the postero-dorsal plates. They correspond to the same muscles of 
the Hippoboscidae and the Nycteribiidae. Owing to the incorrect inference 
which I made with regard to the morphology of the parts of the labella 
and the theca in the Nycteribiidae, I referred them to the muscles of the 
theca. 

The protractors of the labial gutter (p.lg.) correspond to the same muscles 
in the other families of the Pupipara. They arise from the labial gutter and 
its process in N. amboinensis, but in R. lobulata from the posterior part of 
the theca, immediately below the base of the labial gutter. These muscles 
extend along the middle of the cavity of the haustellum, being inserted into 
the antero-ventral part of the theca (Pl. XX, figs. 16-19). 

The retractors of the labial gutter (r.l.g.). These muscles arise from the 
postero-lateral parts of the theca, immediately above the points of origin of 
the retractors of the labella, and are inserted into the lateral parts of the labial 
gutter which enclose the labrum-epipharynx (Pl. XX, figs. 16-17). These are 
homologous to the same muscles in the Hippoboscidae and the Nycteribiidae. 

The cutting action of the teeth of the labella depends upon the movement 
of the latter and the theca. The labial gutter is immovable, since it is attached 
to the anterior part of the pharynx. The contraction of the retractors of the 
labella pulls the outer walls of the latter backwards and everts the inner walls. 
The still further eversion is brought about by the protractors of the labial 
gutter. During the contraction of these muscles the theca becomes much 
shorter, broader laterally and convex ventrally. The inversion of the inner 
walls is produced by the contraction of the retractors of the labial gutter and 
the rigidity of the theca. It is quite probable that eversion and inversion 
succeed each other with great rapidity. As the serrated ridges extend along 
the walls, their teeth perform protrusible divergent movements in piercing 
of skin. The structure and the position of the inner teeth show that during 
the complete eversion of the inner walls of the labella they produce deep 
sagittal incision. Being diverted and pointed backwards, they also serve for 
the fixation of the labella to the bottom of the puncture in the skin produced 
by the serrated ridges. When the labella are at rest the inner teeth and the 
gustatory sensillae are hidden between the inner walls, and the opening into 
the food canal of the haustellum is closed by the teeth of the serrated ridges. 


CONCLUSION. 


The group Pupipara includes three families of the ectoparasitic flies, the 
Hippoboscidae, the Streblidae and the Nycteribiidae. The members of the 
first family infest mammals and birds, while the Streblidae are almost ex- 
clusively parasitic on bats. The exception is represented by Strebla avium 
Macquart, which is recorded from doves and parrots. It is quite possible 
that this species has recently become adapted to living on birds. The possi- 
bility of a change of host by some Streblidae is somewhat strengthened by the 
fact that among the records of E. mirabilis, shown by Kessel (1924), there are 
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six from bats and one from an opossum, Glironia venusta. All the species of 
the third family—Nycteribiidae—are exclusively parasitic on bats. 

In consequence of the adaptation of the members of this group to a 
parasitic habit, they have become structurally greatly modified to withstand 
the environmental conditions which exist on the surface of the skin of their 
hosts where they live concealed amongst the feathers or hairs. Moreover, 
they have all developed the same methods of feeding and reproduction. As 
regards the latter all records show that they give birth to a full-grown larva 
which pupates immediately after extrusion. Hence the name—Pupipara. This 
name is entirely inappropriate, because the same mode of reproduction occurs 
outside this group in the genus Glossina. 

The general resemblance in structure and breeding habits of members of 
the different families is due to their adaptation to almost identical environ- 
mental conditions, and is an illustration of the phenomenon of convergence. 
Therefore, in attempting to find the relationship of these flies to other Diptera 
it is necessary to distinguish the most generalised structural characters from 
those produced by convergent evolution. 

The phylogeny of the Pupipara has been discussed by several investi- 
gators. Miiggenburg (1892) pointed out that the group is not a natural one. 
Subsequently Speiser (1908) contributed a very important paper on the 
phylogeny of the Pupipara. According to this author, the Hippoboscidae 
appear to be most nearly related to members of the genus Glossina and the 
Streblidae to the Acalyptrata. Williston (1908) regards these flies as the de- 
generate descendants of the Muscids of the acalyptrate division. Massonnat 
(1909) maintains that the group has originated by the convergence of different 
families of the Diptera, and according to him the Hippoboscidae are related 
to the Muscids. Muir (1912) regards the group as a polyphyletic branch of 
the Muscids. Falcoz (1926), in his work on the Pupipara of France, connects 
the Hippoboscidae with the Muscidae through the genus Glossina, and the 
Streblidae and the Nycteribiidae with the Borboridae and the Helomyzidae 
respectively. 

It has been already pointed out in my previous paper (1926) that the 
head capsule of the Hippoboscidae is closely related in its structure to that 
of the Muscidae. The vertex especially shows a very close affinity. It is dis- 
tinctly subdivided into anatomically different subregions in both families. 
The only difference is that the head capsule of the ‘Hippoboscidae is correlated 
with the modification of the entire body from a more or less cylindrical to a 
dorso-ventrally compressed form. The head of the generalised Streblidae 
resembles that of the Acalyptrata in its general appearance, though it is im- 
possible to say definitely with what family it has the closest connection. The 
vertex is also subdivided into the different subregions, but these are not so 
clearly defined as in the Hippoboscidae. In the most specialised genera, 
Strebla and Euctenodes, there is a very distinct subdivision into the subregions; 
nevertheless, this is only a secondary modification produced through the 
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chitinisation of the laterovertices and the development of the membranous 
spaces. The head in the Nycteribiidae exhibits a much greater modification 
than that in the other pupiparous families. In some genera it resembles those 
of Trichobius and Nycteribosca. There is a very indistinct indication of the 
mediovertex in the head of Nycteribia parvula, while in all the other members 
of this family the vertex is uniformly chitinised. 

Another structure of the head which has an important bearing on the 
relations of these flies is the ptilinum. This organ is very well developed in 
all the Hippoboscidae. The ptilinum is vestigial in the Streblidae and the 
Nycteribiidae, being represented by a very narrow membrane which connects 
the fronto-clypeus with the vertex and genae. The presence of this organ, or 
its vestige indicates that the pupiparous flies are related to the Miodaria 
(= Schizophora). 

The fronto-clypeus is not an important structure with regard to the 
phylogeny of these flies, since it is very greatly modified from that of the 
other specialised Diptera. It is still fused with the genae in the generalised 
Hippoboscidae, while in the specialised members it is separated by the mem- 
brane from all the other regions of the head and is movable. The latter 
condition of the fronto-clypeus, but in a more marked degree, is present in 
the Streblidae and the Nycteribiidae. In the majority of the members of 
these two families the fronto-clypeus has practically the same structure and 
position. 

As regards the structure of the compound eyes and the ocelli, their modifi- 
cation is primarily connected with the environmental conditions. The ocelli 
are present in several genera of the Hippoboscidae, and in some of them they 
are in process of disappearance. The well-developed compound eyes are present 
in those genera which have functional wings, while in the genera which have 
reduced, unfunctional wings, or which lose them after reaching the host, the 
eyes are greatly reduced. In Melophagus ovinus L., which spends its whole 
life in the wool of the sheep, each eye has about 135 facets. In the Streblidae 
and the Nycteribiidae the ocelli are wanting; the compound eyes are reduced 
to few or one facet, or are entirely absent. The marked reduction of the eyes 
in these families is due to their members living upon nocturnal animals. 

The antenna in the Pupipara is to be regarded as a greatly modified muscid 
type. It is composed of three segments in the Hippoboscidae, with the ex- 
ception of some parasites of birds in which it has two. In all members of this 
family the antennae lie in the antennal pits, which are much deeper in the 
most specialised genera. The flagellum is concealed in the pedicle and bears 
the arista, which is always dorsal. The antenna in the Streblidae has two 
segments; the first, or the scape, is indistinct or fused with the fronto-clypeus. 
The flagellum resembles that of some Acalyptrata; it is globular, or piriform, 
with the arista projecting dorsally. Only in the subfamily Streblinae is the 
flagellum concealed in the pedicle. The antennae of the Nycteribiidae are 
two-segmented and lie in the antennal pits. The scape is obsolete; the pedicle 
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has the same structure as that of the Hippoboscidae parasitising birds. The 
flagellum is concealed within the pedicle and bears the arista which is dorsal. 
The resemblance between the antennae of the Nycteribiidae and the Hippo- 
boscidae is apparently due to convergence. 

The proboscis of the Pupipara is of the muscid type. It consists of three 
regions: the rostrum, the haustellum, and the labella. The parts of the rostrum 
of the generalised Hippoboscidae have a structure essentially similar to that 
of the Muscidae, while in the specialised members of this family the tormae 
have become displaced and have lost connection with the rostrum membrane. 
The musculature of the rostrum comprises the same sets of muscles as that 
of the Muscidae. The rostrum of the Streblidae and the Nycteribiidae differs 
from that of the Hippoboscidae by the presence of the postpalpal plates and 
the separation of the tormae from each other. The hyoid is absent in the 
Streblidae; the development of this structure is apparently connected with 
the development of the protractability of the proboscis. The protraction of 
the latter is greatly limited in members of this family and in some it is alto- 
gether absent. The musculature of the rostrum in the Streblidae closely re- 
sembles that in the Nycteribiidae; a large proportion of the muscles are 
homologous with those of the Hippoboscidae. 

The haustellum of the Hippoboscidae is very similar in structure to that 
of the Muscidae: it closely resembles the haustellum in the genus Glossina in 
its elongated theca, labrum-epipharynx and hypopharynx and in the relation 
of these parts to each other. The haustellum of the Streblidae and the Nycteri- 
biidae is markedly different from that of members of the above-mentioned 
family. Its theca is not elongated; the labrum-epipharynx is much shorter 
than the theca. The hypopharynx is as long as the labial gutter in the 
Nycteribiidae, but in the Streblidae it is of the same length as the labrum- 
epipharynx. The character exhibited by the labrum-epipharynx is of con- 
siderable importance from the point of view of the relationship of these 
families, since it has practically the same structure as that in the Acalyptrata, 
of which the labrum-epipharynx, except in the family Cordyluridae, is also 
very short. In all the families of the Pupipara the musculature of the hau- 
stellum is composed of the same sets of muscles which are homologous with 
those of the non-blood-sucking and the blood-sucking Muscidae. 

The labella in the Hippoboscidae are of a much more simple type than 
those of the blood-sucking Muscidae but, as in the latter family, they are never 
elongated. The labella of the generalised Streblidae are short, while the 
postero-dorsal part of each labellum is chitinised, forming the postero-dorsal 
plate into which is inserted the tendon of the retractor of the labellum. The 
lateral and the ventral walls of the labella are attached to the furca, which 
articulates posteriorly with the theca. In the specialised members of this 
family the furca is incorporated with the anterior part of the theca, while 
the labella are greatly elongated and in their general appearance resemble 
the rod-shaped, elongated anterior part of the theca of the Hippoboscidae. 
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The labella in the Nycteribiidae have the same structure as those of the 
specialised Streblidae. The armature of the labella in these two families is 
practically the same; moreover, in both families the labella bear very long 
and flexible gustatory sensillae. These are connected by the protoplasmatic 
threads with the sense cells of the haustellum. The threads pass through 
specially developed structures—the intralabial canaliculi. 

The labium in the Pupipara reveals an interesting case of convergence. 
In all the families of this group, as well as in the blood-sucking Muscidae, the 
labium has become elongated and produced into a serrated point to pierce 
the skin. But it is not the same part of the labium which has undergone this 
modification in all these families. 

In the blood-sucking Muscidae and the Hippoboscidae the theca has be- 
come narrow and elongated. The theca in the Streblidae and the Nycteribiidae 
is only slightly modified, while the labella are greatly elongated, so that the 
labium in both these families has a remarkable resemblance in its general 
structure to that of the Hippoboscidae. 

The structure of the head and its appendages in the Pupipara shows that 
the Hippoboscidae are related to the Muscidae. As regards the relation of 
the Streblidae and the Nycteribiidae, it is only possible to say that they are 
descended from the Acalyptrata. The striking resemblance, especially as regards 
the structure of the proboscis, is due to the phenomenon of convergence; the 
members of both families live under identical environmental conditions. 


B. JoBLING 
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EXPLANATION OF PLATES XVIII—XX. 
PLATE XVIII. 


Ventral half of head of Raymondia lobulata Speiser; showing internal structure. x 175. 
2. Right half of head of Nycteribosca amboinensis Rond.; showing internal structure. x 200. 


_ 


PLATE XIX. 


3.- Dorsal view of proboscis of R. lobulata Speiser. x 175. 

4. Lateral view of proboscis of N. amboinensis Rond. x 260. 

5. Dorsal view of haustellum and labella of same. Part of membrane removed to show 
attachment of tendon of retractor of labellum (tn.r.lab.) to postero-dorsal plate (pd.pl.). 
x 260. 

6. Transverse section through posterior part of labella of R. lobulata Speiser. x 600. 

7. Transverse section through posterior part of haustellum of same, showing position of 
labrum-epipharynx (lep.) and hypopharynx (h.) in labial gutter (/.g.) and origin of intra- 
labial canaliculi (il.c.). x 400. 

8. Diagram of longitudinal section through labella and anterior part of haustellum of 
N. amboinensis Rond. x 1000. 


PLATE XX. 


Nycteribosca amboinensis Rond. 
9. End view of retracted labella. x 1000. 
10. Transverse section through middle part of labella; showing salivary canal (s.c.), food 
canal (fo.c.) and position of intralabial canaliculi (il.c.). x 600. 
1l. Transverse section through posterior part of labella; showing attachment of tendons 
of retractors of labella (in.r.lab.) to postero-dorsal plates (pd.pl.). x 400. 
12. Transverse section through anterior part of haustellum; showing separation of intra- 
labial canaliculi from membranous septum (m.s.). x 400. 
13. Transverse section through anterior part of haustellum; showing origin of intralabial 
canaliculi (i/.c.) from membranous septum (m.s.). x 400. 
14. Transverse section through middle part of haustellum, where labial gutter (/.g.) becomes 
fused dorsally, forming salivary canal (s.c.). x 400. 
15. Transverse section through middle part of haustellum; showing origin of membranous 
septum round labial gutter and position of hypopharynx (h.). x 400. 
16. Transverse section through posterior part of haustellum; showing muscles and position 
of labrum-epipharynx (lep.) and hypopharynx (h.) in labial gutter. x 400. 
17. Transverse section through posterior part of haustellum; showing muscles. Lateral 
parts of labrum (/.) fused with rostrum membrane dorsally and with lateral parts of labial 
gutter laterally. x 400. 
18. Transverse section through most posterior part of haustellum, showing attachment of 
stipites (s.) to lateral part of labial gutter. Here common salivary duct (c.sl.d.) penetrates 


labial gutter. x 400. 
Raymondia lobulata Speiser. 


19. Transverse section through most posterior part of haustellum, showing origin of pro- 
tractor of labial gutter (p.l.g.). Here epipharynx (ep.), common salivary duct (c.sl.d.) and 
labial gutter (/.g.) become fused together. x 400. 

20. Transverse section through anterior part of head, showing position of common salivary 
duct (c.sl.d.), pharynx (ph.) and attachment of dilator of latter (d.ph.) to fronto-clypeus ( fc.). 
x 400. 
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KEY TO LETTERING OF PLATES XVIII—XX AND TEXT-FIGURES. 


a. arista; a.fc. arch-shaped anterior part of fronto-clypeus; an.n. antennal nerve; a.p. antennal 
pit; br. brain; ch. chitinised part; c.sl.d. common salivary duct; ct. ctenidium; cu. cornu; d.f. de- 
pressor of fulcrum; d.pd. depressor of pedicle; d.ph. dilator of pharynx; d.s. depressor of stipes; 
e. eye; é.fc. elevator of fronto-clypeus; ep. epipharynx; e.pd. elevator of pedicle; e.s. elevator of 
stipes; f. flagellum; f.b. fat body; fc. fronto-clypeus; fo.c. food canal; f.p. furrow of pedicle; 
fu. furea; g. gena; g.s. gustatory sensilla; 4. hypopharynx; il.c. intralabial canaliculus; i.to. inner 
tooth; J. labrum; lab. labella; lep. labrum-epipharynx; lg. labial gutter; ln. labial nerve; 
lv. laterovertex; m. membrane; mdv. mediovertex; m.p. median plate of pharynx; m.s. mem- 
branous septum; 0. oesophagus; oc. occiput; oc.f. occipital foramen; o.p. olfactory pit; op.n. optic 
nerve; 0.8. olfactory sensilla; p. palp; pd. pedicle; pd.pl. postero-dorsal plate; pg. postgena; 
ph. pharynx; p.hu. protractor of haustellum; p.l.g. protractor of labial gutter; pp.p. postpalpal 
plate; pr.l.g. process of labial gutter; pt. ptilinum; pla. paratorma; pt.m. ptilinal membrane; 
pv. postvertex; rc.n. recurrent nerve; r.hu. retractor of haustellum; r.lab. retractor of labella; 
r.lg. retractor of labial gutter; r.m. rostrum membrane; rm.scl. remiform scale; r.r. retractor of 
rostrum; s. stipes; sb.g. suboesophageal ganglion; s.c. salivary canal; scl. scale; scp. scape; 
sl.p. salivary pump; sl.p.m. salivary pump muscle; s.p. sensory plate; sp.g. supracesophageal 
ganglion; ¢. torma; te.r. teeth of serrated ridge; th. theca; tn.r.lab. tendon of retractor of labellum; 
ir. trachea; v. vertex. 


(MS. received for publication 12. v1. 1929.—Ed.) 
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I. INTRODUCTION. 


Tue work herein described was undertaken with a twofold object. In the 
first place it became necessary, in pursuance of the present investigations}, 
to discover whether natural amoebic infections in Macaques can be cured— 
like certain infections of Man with similar amoebae—by treatment with 
emetine: while secondly it was hoped to obtain, by such treatment, “clean” 
monkeys for future experiments. 

Although the curative action of emetine upon Entamoeba histolytica infec- 
tions in human beings has now been extensively investigated, and its direct 
toxic effects upon the parasite have been carefully studied in vitro”, nobody— 
so far as I am aware—has hitherto attempted to rid any monkeys of their 
natural amoebic inhabitants by treatment with this alkaloid. Any such 
attempt does, indeed, present obvious difficulties, which have doubtless 
deterred previous workers. Nevertheless, in prosecuting the present series of 


1 See Dobell (1928), I, where the general scope and aims of this work are set out more fully. 
2 See Dobell and Laidlaw (1926); Laidlaw, Dobell, and Bishop (1928). 
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researches, it became urgently necessary to make it; for—quite apart from 
the pharmacological interest of the inquiry—most monkeys of the genus 
Macacus appear to be naturally parasitized by an amoeba indistinguishable 
from E. histolytica!, so that it would be manifestly absurd to pretend to 
infect such animals experimentally with the parasite of Man. Obviously, the 
results of any such crude attempts could never be assessed accurately. I know, 
of course, that “experiments” of this sort have already been made and 
published; but I am equally well aware that they have all been perforce 
most unscientific and fallacious. 

As the outcome of the present work has already been briefly recorded 
elsewhere”, it must now be known to all interested in the subject. I will 
therefore merely remind the reader at this point that I ultimately succeeded 
in both my main objects: I have found that certain monkeys can be cured of 
their natural infections with E. histolytica—just as human beings can be 
cured of theirs—by treatment with emetine; and I have been able to utilize 
this knowledge for the purpose required—namely, to rid naturally infected 
monkeys of their parasites, and so obtain uninfected animals for further 
experimentation. In this paper I propose to describe the methods used, and 
to record the results obtained, in adequate detail. 

The reader will observe that, in the following pages, I call the amoebae 
of Macaques resembling EL. histolytica, EL. coli, and E. nana of Man by the same 
names. I do so intentionally: for I am now satisfied of their identity*, while 
the present experiments supply additional evidence in favour of this con- 
clusion. I hope to publish shortly still stronger evidence, however, which will, 
I think, convince even the most sceptical. 

The present work has necessarily involved careful microscopic study of 
hundreds of faecal specimens, and the making and examining of a still greater 
number of cultures. In this part of the investigation I have been very 
materially assisted by Miss Ann Bishop. I myself planned and performed all 
the animal experiments, but she examined most of the samples of faeces and 
made and first scrutinized most of the resultant cultures. I would therefore 
acknowledge my indebtedness to Miss Bishop explicitly. It would not have 
been possible to carry out this work, in addition to all my other experiments 
running concurrently, without her capable co-operation. 


C. DoBELL with ANN BIsHop 





+ Every macaque which I have yet studied sufficiently has proved to be infected: and I infer, 
from the recorded findings of other workers, that my experience is not exceptional. 

2 See Rep. Med. Res. Council 1926-27, p. 34; and Dobell (1928), p. 363. 

° Actual data will be given so that other workers can draw their own conclusions from them, 
and—if they so desire—repeat the experiments. In work of this sort, such details are not super- 
fluous but really indispensable. To illustrate this, I may note that Kessel (1928) has recently 
“cured” macaques of various amoebic infections by administration of yatren; but as he gives 
no details whatsoever regarding the dosage, duration of treatment, weights of his monkeys, and 
other important particulars, it is impossible for me—or anyone else—to verify his findings. His 
conclusions may well be correct, but results recorded in this way obviously give little or no help 
to other students of the same subject. 

* Cf. Dobell (1928), pp. 362, 369, ete. 
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As indicated elsewhere!, the primary object of this series of researches— 
of which the present instalment forms but a small fraction—is to make an 
intensive study of the protozoa in a few individual monkeys. My aim is to 
collect facts—however trivial they may appear—but to make sure that they 
are facts. Accordingly, the experiments now recorded are few, but were 
conducted with great care. It would be impossible for any one man to make 
such experiments, by similar methods, on a large scale; and whatever value 
my results may possess depends, therefore, upon their studied accuracy and 
minute attention to detail. 

Since the details of this work are thus of prime importance, I propose to 
record them with some particularity. 


II. Monkeys AND METHODS. 


All the following experiments were performed in England with tame 
macaques (Macacus sinicus and M. rhesus), which were all young and 
thoroughly acclimatized animals in first-rate physical condition. It would be 
impracticable to attempt any similar experiments with wild monkeys, or 
with captive animals in poor health. 

My monkeys had all been under my daily personal observation and care 
for several years previously, and their natural intestinal protozoa had been 
investigated thoroughly. Moreover, they were all easily manageable—in my 
hands—and had been taught to submit themselves to handling in any way, 
and to swallow anything which I required them to swallow. This preliminary 
training and the exhaustive study of their natural intestinal infections were 
indispensable for the success of the experiments: for it requires several 
months, at least, to find and identify the whole intestinal fauna of any 
individual monkey; while it is impossible to administer a course of treatment 
with a nauseating drug per os to a strong and savage macaque, and it would 
be both cruel and futile to try to do so to a weak and terrified animal. 

Five monkeys, in all, were used in these investigations. The chief relevant 
particulars regarding each individual are shown in the following synopsis: 


Age Weight 


Name Species Sex (years) (kg.) Intestinal protozoa 

(1) Polo M. sinicus Male + 4-91 E. histolytica, E. nana, Giardia sp., 
Enteromonas sp.* 

(2) Jacko M. rhesus Male + 11-65 E. histolytica, E. nana, Giardia sp., 
Enteromonas sp. 

(3) Mungo M. sinicus Male 4 4-75 E. histolytica, E. nana, Giardia sp., 
Enteromonas sp. 

(4) Susanna UM. sinicus Female 5} 4-76 E. histolytica, E. coli, E. nana, 
Giardia sp., Enteromonas sp. 

(5) Rosa M. rhesus Female 24 4-13 E. histolytica, E. coli, E. nana, 


Enteromonas sp. 





* Enter s = Tricere s of Wenyon and O’Connor (1917). See Dobell and O’Connor 
(1921), p. 80. According to Thomson (1929) “T'ricercomonas has not been found in monkeys,’’ 
though I recorded that my macaques harboured this flagellate in 1925 (Rep. Med. Res. Council, 
1924-25) and emphasized the fact later (Dobell, 1928, p. 362). 


1 See Dobell (1928), I. 
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The weights! here given, and the ages (which are estimated from various 
data, and therefore only approximate), are those registered at the time when 
the first treatment was administered. Polo, Mungo, Jacko, and Rosa were all 
actively growing animals—adolescent at the time of experiment—while 
Susanna, when first treated, was mature. The intestinal infections shown 
represent, to the best of my belief, the entire intestinal protozoal fauna of 
each individual. Before any of these experiments were made, Polo, Mungo, 
and Jacko had been under my continuous personal observation for 24 years, 
Susanna for 4} years, and Rosa for 14 years: and during these periods their 
intestinal protozoa had been studied exhaustively —microscopically, culturally, 
and by various experimental methods. It is therefore unlikely that my 
monkeys harboured any intestinal protozoa other than those enumerated. 

All the infections recorded were natural infections—originally present in 
each monkey, and persistent during the period of preliminary observation— 
with one exception. Jacko was originally uninfected with Endolimax nana, 
and had been experimentally infected? with this species by me at an earlier date. 

Every monkey in this series was naturally infected with at least two 
strains of Entamoeba histolytica—a large and a small. In the faeces of every 
animal, large and small amoebae, with the typical morphology of this species’, 
were usually to be found: and in cultures made from such material, amoebae 
of both varieties almost invariably developed. Cysts of both strains were 
also generally present in the faeces, and frequently formed in cultures. Those 
of the “large” strains ranged from about 11 to 14 in diameter: the “small” 
strains usually produced cysts of 7-9. These different strains are, as a rule, 
readily distinguishable by their dimensions, and possibly represent distinct 
species: but as they behave alike in their response to emetine, and as their 
range of variation in size overlaps, it has been considered unnecessary to dis- 
criminate between them for present purposes. Whenever £. histolytica is 
referred to in the following descriptions, therefore, the name must be under- 
stood to comprehend all amoebae and cysts, of every size, morphologically 
includible in this species. 

It would be fairly easy to treat any monkey, by force, with emetine 
hydrochloride hypodermically; but there is ample evidence—from the treat- 
ment of human beings—to show that emetine does not act effectively upon 
intestinal infections with E. histolytica when administered by this route. 
Treatment per os is usually far more effective; and for oral administration 
the best compound is undoubtedly, in my experience, the double iodide of 
emetine and bismuth’. Consequently, I resolved to treat my monkeys with 


1 All weights recorded are net—my animals wearing no belts, chains, or other harness. 
During experiments they were usually weighed weekly, but at other times fortnightly. 

* This experiment will be described later, in connexion with my other observations on 
this amoeba. 

% Cf. Dobell (1919). The large and small strains of EZ. histolytica found in my macaques are 
not structurally or culturally distinguishable from the corresponding forms inhabiting man. 

* Cf. Dobell (1916, 1917); Dobell, Gettings, Jepps, and Stephens (1918); Dobell and O’Connor 
(1921); Dobell and Low (1922). 
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the alkaloid in this form, and all the experiments here described were made 
with emetine bismuthous iodide given by the mouth. 

Emetine bismuthous iodide! is an insoluble amorphous powder—the 
alkaloid constituting roughly one-third of its weight. It is difficult to weigh 
accurately in very small quantities; and I found, after various trials, that 
the easiest way to give it to monkeys was in the form of a suspension in a 
strong solution of cane-sugar and water. Such a mixture is easily made, and 
if well shaken up before use can be pretty accurately measured volumetrically 
with a graduated pipette. I have latterly always used a 4 per cent. suspension 
(4 grammes of emetine bismuthous iodide, well shaken up with glass beads in 
100 c.c. of syrup), as this is very convenient. Since every 1 c.c. contains 
40 mg: of the double iodide, doses of 20, 40, or 60 mg. can be readily measured 
out, and easily administered with a pipette. Though I have also used 1 per 
cent. and 2 per cent. suspensions, I have found it advantageous to employ the 
more concentrated mixture, because a macaque will more willingly swallow 
1 c.c. than 10 c.c. of a medicine which he distrusts. 

It is necessary to make certain that every dose administered is really 
swallowed. Macaques are extraordinarily suspicious of anything strange 
offered to them, and resort to all manner of subterfuges to avoid swallowing 
any unknown substances put into their mouths. Although they will volun- 
tarily eat such apparently distasteful things as stones, cement, and coal, and 
bits of wood, lead, or iron, they will not swallow even fruits or sweetmeats— 
which they normally relish—if they have any suspicions about them. Sus- 
pected substances—if not instantly rejected—are invariably passed into their 
cheek-pouches or secreted behind the soft palate, and later ejected surrepti- 
tiously. Even when a macaque has swallowed anything into his stomach, it 
is not safe to assume that it will remain there. He can regurgitate his 
stomach-contents into his cheek-pouches at will?; and if he distrusts or dislikes 
the taste of it, he will somehow contrive to get rid of it later. I mention this 
merely to show that I am fully alive to the cunning and capabilities of 
macaques, and as a hint to those who would repeat these experiments. I can 
guarantee that every dose of emetine which I gave to my monkeys was not 
only swallowed but was also retained. 

I always gave the daily dose of double iodide to each monkey just before 
he had his midday meal—the chief meal of the day. It was given, therefore, 
on a more or less empty stomach; nevertheless it never caused immediate 
vomiting, as it sometimes does when so administered to human patients. 
The reason for adopting this method was that the monkey, being hungry, 


1 The drug employed was supplied by Burroughs, Wellcome and Co., as I knew from long 
previous experience that this product was trustworthy. All preparations on the market are not. 

2 I have often seen my monkeys “ruminate” in this way. It appears to be a normal—though 
not habitual—process with M. sinicus and M. rhesus. They regurgitate the half-digested food in 
their stomachs into their cheek-pouches, chew it over, and again swallow it. Occasionally a little 
is accidentally’ ejected during regurgitation, but this is always eaten again by the ruminant 
himself or eagerly seized upon and swallowed by one of his fellows. 
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soon had his attention distracted from the experiment by the arrival of his 
food, and the risk of regurgitation was thus lessened. If the dose were given 
on a full stomach (as usually recommended for human beings) it would 
greatly increase this risk: for the monkey—having nothing to divert his 
attention—would immediately begin to suspect that he had swallowed some- 
thing unwholesome, and with his stomach well filled it would be all the 
easier for him to disgorge its contents. 

During and after every course of treatment, fresh samples of faeces were 
collected daily—by myself personally—from each animal, and carefully 
examined both microscopically and culturally. The methods of cultivation 
used were those already described!; and all findings were accurately checked 
by stained preparations, and subcultivation of the organisms isolated, when- 
ever necessary. As a rule only a single daily specimen of faeces was so studied, 
though I inspected all faeces passed by every monkey throughout. I can 
guarantee the authenticity of every sample examined, as I saw it passed by 
the individual concerned. It is most important, in work of this sort, to pay 
strict attention to such small and apparently trivial details?. 

Particular care was taken to obtain perfectly fresh samples of faeces for 
microscopic examination and for inoculation into culture-tubes, and only the 
most favourable culture-media for E. histolytica were employed. It is specially 
important to observe these precautions where negative findings are con- 
cerned, for a “negative” culture can be only too easily obtained from stale 
faeces inoculated into unsuitable medium. As a general rule the medium 
used was inspissated horse-serum and Ringer-eggwhite with solid rice-starch 
(HSre + 8, Dobell-Laidlaw); and the faecal material was usually inoculated 
into the culture-tube, and forthwith incubated, within a few minutes of 
leaving the monkey’s intestine. The routine examinations were generally 
made by Miss Bishop on weekdays and by myself on Sundays; but I personally 
verified all doubtful findings at all times, and assured myself of the final 
result of every treatment (by making daily microscopic and cultural examina- 
tions for at least a week at the end of each experiment). I can therefore vouch 
for the accuracy of the findings generally. 

Macaques naturally defaecate freely and frequently, and—like other 
arboreal and climbing animals—deposit their excrement anywhere and every- 
where. They have no sense of cleanliness, and their instincts are against any 
form of personal hygiene or sanitation; so that it is by no means easy to 
keep them clean, and at the same time normal, during any experimental 
treatment. It is thus obvious that in any course of treatment which aims at 
curing an intestinal amoebic infection, there will always—with such animals— 
be a great risk of accidental reinfection: and I therefore took every possible 

1 See Dobell and Laidlaw (1926 a); Dobell (1927); Dobell (1928). 
* I mention this because I find that another worker has already recorded protozoological 
findings from faeces collected by an attendant in a cage occupied by a number of monkeys of 


different species. All my animals were caged separately, and allowed to run together (for exercise) 
only when it was judged safe for them to come in contact. 
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precaution to avoid this contingency. Every treated monkey was isolated 
from his untreated fellows, and prevented as far as possible—by scrupulous 
cleanliness, frequent sterilization of cages and outdoor runs, ete.—from coming 
in contact with contagious material. Owing to the limited accommodation 
at my disposal this was extremely difficult, and was only achieved by close 
personal vigilance. That the precautions taken were adequate, however, is 
clear from the outcome of the experiments. No monkey, in any series of 
treatments, became reinfected accidentally. 


III. ExpermmMEnts AND RESULTS. 


Two series of experiments were made—the first with Polo, Mungo, and 
Jacko (two M. sinicus and one M. rhesus), the second with Susanna and Rosa 
(a senicus and a rhesus). The three males were used first because they were 
larger and more powerful animals, and therefore considered more likely to 
withstand vigorous treatment—if necessary—with a poisonous alkaloid: and 
also for the reason that they were all uninfected with Entamoeba coli. This is 
a point of considerable practical importance in diagnosis, for the trophic 
amoebae of F. histolytica and E. coli—as seen in the faeces of normal macaques, 
or in cultures made therefrom—are not so readily distinguishable as might 
be supposed by the inexperienced. Individual amoebae are, in fact, frequently 
impossible to assign, with absolute certainty, to either species!; and the 
whole amoebic content of any stool or culture can therefore be determined 
accurately only by laborious observation and experiment. Consequently, by 
using animals known to be free from £. coli, much time was ultimately saved 
in making the necessary microscopic examinations for the presence of 
E. histolytica. 

As all the monkeys used were needed for further experiments, and as I 
had devoted much time to their education, I could not afford to sacrifice any 
of them by accidentally administering a fatal dose of poison?. Moreover, I 
could find in the literature no data regarding the toxicity of emetine for 
monkeys (of any species). Consequently, I began the treatments with caution 
—using doses which I judged to be safe. My primary object was to determine 
the curative dose (if any) of emetine bismuthous iodide for a natural 
E. histolytica infection in a macaque, and not to study the toxicity of the 
alkaloid or to ascertain its lethal dose. This will explain the tentative and 
ineffectual character of the earlier treatments. 


1 I mention this because some recent writers, with more confidence than experience, appear 
apt to underrate the difficulties of diagnosis. St. John (1926), for example, says: “ With attention 
to care in technique, patience and ordinary skill, one should soon acquire the ability to identify 
a given amoeba by means of the characteristics displayed in culture.” 

* This element of danger is well illustrated in a recent paper by Kessel (1928)—published 
after my first experiments were made. He attempted to obtain “clean” macaques by treatment 
with yatren: but although this is far less poisonous than emetine, he apparently killed two of 
his four treated monkeys by an overdose of the drug. (He does not state the dosage, or give 
any other details.) 
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It is well known to everybody who has studied the action of emetine on 
the parasite in man and in vitro, that E. histolytica can be killed by the alkaloid 
only when it is present in a definite concentration and allowed to act for a 
sufficient time. Both these factors—concentration and time—are of supreme 
importance. Experience has already proved conclusively that an adequate 
dosage must be maintained continuously for an adequate period. The same 
dosage given intermittently, or a smaller administered over a longer period, 
or a much larger dose given all at once, are all equally inefficacious. As I 
had had ample opportunities of convincing myself of all this previously’, 
I naturally bore it in mind when conducting the present inquiry. 


First series of treatments. 


The ordinary curative dose of emetine bismuth iodide for an E£. histolytica 
infection in man has been shown to be approximately 3 grains (0-2 gramme) 
daily for about a fortnight; but occasionally 4 grains per diem for the same 
period, or the same amount for 24 consecutive days, is requisite to effect a 
radical cure. A man can usually tolerate such dosage—though generally with 
inconvenience or even hardship—and I therefore decided to administer a 
similar amount (in proportion to body-weight) to my macaques. Polo and 
Mungo, who each weighed nearly 5 kg. at the time of the first experiment, 
were accordingly given a first course of treatment with 20 mg. daily; while 
Jacko—a much larger animal, then weighing about 11-5 kg.—received (after 
a trial dose of equal amount) twice this quantity (i.e. 40 mg.). 

After a week’s continuous treatment with such doses, it was apparent— 
from the daily examinations of faeces and cultures—that the emetine was 
exercising no appreciable effect on any of the infections. All three monkeys 
continued to pass amoebae or cysts of E. histolytica as frequently and as 
copiously as they had done during previous untreated periods. I resolved 
to continue with these small doses, however, in order to find out whether 
they might not ultimately be effective if given for a longer time. Accordingly, 
Polo’s course (20 mg. per diem) was protracted for 22 days, Mungo’s (20 mg.) 
for 24 days, and Jacko’s (40 mg.) for 26 days. But although the two sinicus 
took, in all, 0-44 g. and 0-48 g. of emetine bismuthous iodide respectively, 
and the rhesus swallowed altogether 1-02 g., it had no effect whatsoever 
upon their infections with EZ. histolytica, or other intestinal protozoa. 

Exact particulars of these three preliminary experiments are recorded in 


. Tables I, II, and III, which are self-explanatory®. It should be noted again, 


however, that in these and all the other tables “Z. histolytica” includes both 
“large” and “small” strains. No distinction is here drawn between them, 
because—whatever their relations to one another may really be—they 


1 Cf. Dobell (1916, 1917); Dobell, Gettings, Jepps, and Stephens (1918); Dobell and O’Connor 
(1921); Dobell and Laidlaw (1926); Laidlaw, Dobell, and Bishop (1928); etc. 

2 All Tables are given at the end (pp. 466, 467)—a position to which they have been relegated 
for convenience in exposition. They exhibit the actual data on which the textual narrative is based. 


30—2 














454 Intestinal Protozoa of Monkeys and Man 


reacted to emetine-treatment exactly alike. Comparison of the findings re- 
corded under “faeces” (= direct microscopic examinations of fresh excre- 
ment) and “cultures” (= microscopic examinations of cultures made from 
the same material) shows that cultures made by the methods here used afford 
a valuable additional means of detecting an infection with E. histolytica. It 
will be seen that, in this series, thirteen samples of faeces which were “negative” 
to microscopic examination alone, proved positive on cultivation. 

Although these treatments were, from a therapeutic standpoint, a com- 
plete failure, they showed that macaques can tolerate emetine given in small 
quantities over a considerable period. For none of the three treated monkeys 
suffered any harm—not even Jacko, who consumed more than a gramme of 
the double iodide in 26 days. During the later part of his course, however, 
he became dull and depressed, though he never appeared really ill: and as 
he was normally a powerful and playful animal, his listlessness and lassitude 
were noticeable. Mungo and Polo displayed their usual liveliness throughout. 
None of these animals suffered from nausea, vomiting, diarrhoea, or loss of 
appetite, as a result of treatment. Their faeces were often loose and unformed; 
but not, on the whole, more so than during earlier untreated periods. The 
only definite effect of treatment—in all three monkeys—was an arrest in 
growth. They were actively growing animals at the time; but although they 
did not actually lose weight during treatment, they all ceased to grow. When 
their treatments were stopped, however, they began to put on weight again 
at their usual rates. 

All these monkeys remained positive for E. histolytica (daily examinations) 
after treatment; and when they had resumed their ordinary growth, and were 
in every way normal once more, they were re-treated with larger doses of 
emetine. Polo now received 40 mg. of the double iodide daily for 15 days 
(0-6 g. in all): Jacko had 60 mg. per diem for 11 days (0-66 g.): Mungo 
ultimately came in for more drastic treatment. This time the effects were 
more pronounced and must be considered separately. 

(1) Polo. On the fourth day of treatment, Z. histolytica entirely dis- 
appeared from this monkey’s faeces (direct microscopic examination), but 
was recovered in cultures made on the fifth, seventh, and eighth days. There- 
after the examinations were completely negative till the end of treatment 
and for 4 days following. But on the fifth day after the end of the course, 
though the microscopic examination was negative the culture was positive, 
and on the sixth day both were positive: and afterwards EZ. histolytica was 
found as usual. Treatment therefore reduced the infection, but was followed 
by a relapse on cessation. Details are shown in Table IV. 

The increased dosage also affected the monkey. He did not vomit or 
suffer from severe diarrhoea or notable loss of appetite; but his faeces were 
invariably loose, and he lost 380 g. in weight. 

(2) Jacko became microscopically negative for E. histolytica on the fifth 
day of treatment, and remained so—with a feeble positive on the seventh day 
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(only one degenerate amoeba discoverable)—until the end. Cultures were 
negative from the eighth day onwards. But on the sixth day after cessation 
of treatment, faeces and cultures were alike positive again, and remained so 
thereafter. Treatment was therefore unsuccessful; for although its effect was 
undoubted, it was followed by relapse. Full details are recorded in Table V. 

The effects of this dosage of emetine (60 mg. of E.B.I. per diem for 11 
consecutive days) on the monkey himself were considerable. He lost about 
800 g. in weight, and during the latter half of the treatment was decidedly 
ill. He vomited almost daily—3 to 4 hours after swallowing his dose—and 
lost greatly in general condition. He suffered much from nausea meanwhile 
(with retching, salivation, anorexia, and fits of yawning), and was so obviously 
poisoned that I was afraid to prolong his course. 

After treatment, however, Jacko recovered rapidly. He regained his lost 
weight in about a month, and soon resumed his normal growth: and he re- 
mained healthy and vigorous until I sacrificed him about a year later 
(15. 11. 1928)—his weight then being approximately 15kg. He was not 
re-treated, and therefore never cured of his E. histolytica infections, which 
persisted unchanged for the rest of his life. 

(3) Mungo. This macaque began his second course—like Polo—with 
40 mg. of double iodide per diem. After five days of treatment, no appreciable 
effect was observable. The monkey himself was normal, showing no signs of 
intoxication, and his £. histolytica infections were unchanged. I therefore 
decided to increase the daily dose to 60 mg.—without breaking the treatment 
—though the concurrent experiment with Jacko warned me that such a 
quantity might prove toxic. Nevertheless, the results obtained with Polo, 
at the same time, encouraged the hope that it might also prove effective. 

Accordingly, Mungo now received 60 mg. of double iodide daily; and in 
spite of its very evident toxicity, the treatment was pressed until both faeces 
and cultures were negative for three consecutive days. This occurred on the 
llth to the 13th days of treatment with the increased dosage, and the 
course was then stopped. This monkey therefore had 5 consecutive daily 
doses of 40 mg., followed immediately by 13 consecutive daily doses of 60 mg. 
—in all, 0-98 g. of emetine bismuth iodide in 18 days. 

The effects of this drastic dosage were striking. The monkey was poisoned, 
but his infection with FZ. histolytica (both large and small strains) was eradi- 
cated. His faeces were exhaustively examined, both microscopically and 
culturally, every day for 30 days after treatment, and remained con- 
sistently negative. As I was then quite satisfied that the cure was complete, 
I did not continue the examinations further, but used Mungo as a “clean” 
animal for an infection-experiment with E. histolytica. Full details of this 
course of treatment are shown in Table VI. 

During the latter part of the course Mungo became seriously ill. He 
suffered from great nausea, with loss of appetite and general condition; 
frequent vomiting (usually beginning 2-3 hours after administration of the 
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emetine, and lasting for several hours afterwards); and occasional diarrhoea. 
When not actually sick, he frequently salivated and retched and showed by 
his behaviour that he felt extremely ill—with nausea, headache, and a nasty 
taste in his mouth. He also yawned frequently, and at times displayed 
symptoms of great dermal irritation accompanied by violent fits of scratching 
all over. Towards the end of treatment he became very weak and depressed, 
and ultimately almost prostrate; while he lost, altogether, 620 g. in weight. 

But with careful nursing Mungo recovered afterwards remarkably quickly. 
The day after his last dose of emetine he ceased to vomit, and his diarrhoea 
abated. His appetite improved rapidly, and his general condition was recorded 
as “normal” only 4 days after the end of treatment. It took him nearly 
a month, however, to regain his original weight. 


After this successful treatment of Mungo, I resolved to re-treat Polo in a 
similar manner. The curative dose of emetine bismuth iodide for a macaque 
of about 5 kg. appeared to be about 60 mg. per diem for an as yet undeter- 
mined period; though this seemed likely to be toxic. 

Accordingly, when Polo had sufficiently recovered from his second course 
—being still positive for Z. histolytica (both strains)—I began to treat him 
with daily doses of 60 mg. of the double iodide. But I was able to continue 
this for only a week, as he soon showed signs of intoxication which rapidly 
became grave. On the third day he began to vomit; and nausea, vomiting, 
retching, and salivation increased in frequency and severity until treatment 
was stopped. He quickly lost his appetite; while his faeces, at first loose or 
diarrhoeic, became solid and scanty. On the last day of treatment he was 
extremely depressed and exhausted, ate no food but drank much water, 
retched and vomited (mostly bile-stained water) at intervals, and passed 
only a small hard lump of faeces about as large as a pea; while he had lost, 
in all, no less than 720 g. in weight. 

After treatment had been stopped, Polo was still seriously ill for two days; 
but with careful nursing he then began to recover, and his recovery was so 
rapid afterwards that by the sixth day after treatment his appetite was 
completely restored and his condition was recorded as “practically normal 
again, but thin.” Yet it took him nearly 6 weeks to regain his lost weight, 
though he was—to all appearance—a vigorous and lively monkey once more 
within a week of his last dose of emetine. 

The effects of this severe emetine-treatment upon the F. histolytica infec- 
tion were equally pronounced, but far more gratifying. Amoebae and cysts dis- 
appeared from the faeces on the second day of treatment, and no £. histolytica 
could be recovered in cultures after the third day. Thereafter both faeces 
and cultures—made and carefully examined daily—remained entirely negative 
for 30 days. As I was by then satisfied that the infection had been eradicated, 
I did not hesitate to,use Polo as a “clean” animal for a reinfection experiment. 
The essential details of this treatment are shown in Table VII. 
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The foregoing first series of experiments convinced me that EZ. histolytica 
can be completely removed from naturally infected macaques by suitable 
treatment with emetine. They showed quite clearly, however, that relatively 
very large doses of the alkaloid are needed to effect a cure; and that the 
curative dose is normally a toxic dose—though my monkeys were able to 
tolerate much larger quantities (in proportion to body-weight) than a man 
usually can. The curative dose in the case of the two cured animals (M. sinicus) 
was found to be 60 mg. of emetine bismuth iodide per diem—for a week in 
one case, and for 13 days in the other. The dose administered to Mungo 
was, however, probably excessive. I wanted to make sure of curing him, 
in the first place: and secondly, I wished to ascertain how much emetine he 
could stand—as a guide for future researches. 
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Second series of treatments. 


Another series of experiments was performed later with two other monkeys 
—as already noted—and these treatments must now be considered. 

At the time when these experiments were made I had already obtained 
valuable information from my earlier experience, and could therefore proceed 
with more confidence. I was also then able to carry out the treatments under 
still more stringent conditions, in which all possibility of accidental re- 
infection could be excluded absolutely. For the two monkeys used were the 
only ones I had at the time; they were kept in complete isolation throughout; 
and they never came in contact with any possible extraneous source of 
contagion. 

(4) Susanna. This monkey—an adult female M. sinicus, weighing then 
4-76 kg.—was treated with 60 mg. of emetine bismuth iodide daily for 6 days. 
As her faeces had become negative, and she was manifestly poisoned by such 
dosage, the treatment was then stopped. 

E. histolytica disappeared finally from faeces and cultures on the fourth 
day of treatment. On the fifth day, and on the first day after treatment, no 
faeces at all were passed, so no examinations were possible. On the second 
day after treatment, however, the examinations were carried out as usual, 
and daily afterwards for 55 consecutive days. Ten days later 2 further 
negative examinations were made, and the monkey was then used for experi- 
mental reinfection. Altogether she had 60 consecutive negative faecal 
examinations, with 59 concurrently negative cultural examinations, in a period 
of 70 days (including examinations made during treatment). That Susanna 
was completely cured of her FZ. histolytica infections it is thus hardly possible 
to doubt. Full details of the treatment and examinations are shown in 
Table VIII. 

Susanna was affected by emetine-treatment in much the same way as 
Polo and Mungo—two monkeys of similar weight and the same species. She 
vomited overnight after the first dose, and the vomiting and nausea increased 
in frequency and severity till the end of the course. She lost her appetite 
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rapidly, and finally ceased to feed altogether. She never suffered from 
diarrhoea, however, but became constipated at the end of treatment. Her 
condition ultimately was distressing—owing to her weakness, depression, and 
sickness—but never really alarming. She lost altogether some 480 g. 
(about 10 per cent.) in weight: but like the other monkeys previously treated 
she regained her health surprisingly quickly when treatment was stopped. 
Five days after the last dose of emetine her condition was recorded as 
“practically normal again”; but notwithstanding all my care and nursing 
she did not recover her original weight until 15 weeks later. 

(5) Rosa was treated at the same time as Susanna, and being then of 
similar weight—though of different species (M. rhesus)—received the same 
dosage. I gave her 60 mg. of the double iodide daily for 7 consecutive days; 
and as the microscopic and cultural examinations of her faeces had then 
been completely negative for 5 successive days, I ended the course. Examina- 
tions were continued daily thereafter for 54 consecutive days, and were con- 
sistently negative; and after an interval of 10 days I made two further 
negative examinations. This monkey was then used as a “clean” animal for 
experimental reinfection. Altogether she had 63 consecutive negative ex- 
aminations for Z. histolytica in a period of 72 days (including 6 made during 
treatment). Particulars are recorded in Table IX. 

To my surprise, this macaque—a young and growing female, and the 
smallest of them all—was almost unaffected by this large dose of emetine?. 
Throughout the course she never had the slightest sickness, and her appetite 
remained excellent. During the last few days, however, and for three days 
after treatment, she suffered from slight diarrhoea. She was otherwise so 
well, and so lively and playful at all times, that her condition was in striking 
contrast with that of all the other treated monkeys—especially Jacko, an 
animal of the same species, but of more than twice her size and weight, who 
was poisoned by exactly the same daily dose. The only symptom referable 
to the treatment was a loss in weight—similar to that seen in the other 
macaques, though considerably less. Rosa actually increased in weight during 
the first 4 days of treatment, but then began to lose; and 3 days after treat- 
ment she had lost altogether 120g. Afterwards she recovered quickly, and 
soon resumed her normal growth. The only general effect of the emetine- 
treatment may be expressed as a loss of about one month’s growth. 

As noted on a previous page, both these macaques—Susanna and Rosa— 
were infected with £. coli and E£. nana, as well as with two strains (large and 
small) of E. histolytica. These concomitant infections made the daily examina- 
tions far more difficult, since it was necessary to determine the species of all 

1 I have met with several human patients who displayed an equally remarkable tolerance to 
emetine. One case, in particular, I may recall in this connexion. The patient—an Arab—received 
a somewhat drastic treatment with emetine periodide per os and emetine hydrochloride hypo- 
dermically for 18 successive days: and during this period he not only lost his EZ. histolytica 


infection permanently—so far as I am able to judge—but also improved in general condition 
and even put on weight. I have records of several similar cases, though this was the most striking. 
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amoebae found in faeces or cultures with absolute certainty. However, this 
was done—to my own satisfaction, at any rate. When large amoebae appeared 
in faeces or cultures after treatment, they were definitely identified in every 
case—by stained preparations, and by securing their cysts—as EZ. coli: and 
whenever small amoebae were found, these were determined, by similar means, 
to be #. nana invariably. 

After the foregoing treatments had been successfully carried out, and 
‘Susanna and Rosa had been cured of their natural F. histolytica infections, 
both these monkeys were experimentally reinfected with other strains of the 
same parasite. Later these infections (each with a single pure strain) were 
again removed by similar treatment—both animals reacting individually to 
their second courses of emetine in exactly the same way as before. These 
experimental infections will be described in another connexion: they are 
mentioned now merely to show that the original treatments of these two 
monkeys have already been repeated and confirmed. 


C. DoBELL with ANN BISHOP 





The final results of all these experiments are therefore now quite definite. 
I have given, in all, 11 courses of treatment with emetine bismuthous iodide 
per os to 5 different macaques (3 M. sinicus and 2 M. rhesus), and have 
6 times eradicated their total infections with EH. histolytica. Four out of 
five monkeys have, in all probability, been radically cured—two of them 
twice over: and four out of five individuals have been poisoned by the curative 
dosage of emetine, while one has twice proved tolerant. I have found that 
it is necessary to administer 60 mg. (usually a toxic dose) of emetine bismuth 
iodide daily for at least 6 consecutive days to a macaque weighing about 
5 kg. in order to effect a cure. 

The macaques used for these experiments were infected not only with 
E. histolytica (large and small strains), but also with EZ. coli, Z. nana, Giardia, 
and Enteromonas. Upon none of these concomitant infections did the treat- 
ment with emetine exercise any curative effect. This is in agreement with all 
competent previous experience of similar infections in man. 

It may therefore be concluded with some confidence, I think, that natural 
infections of macaques (M. sinicus and M. rhesus) with E. histolytica are as 
certainly curable with emetine—appropriately administered—as are those of 
men; while the other common intestinal amoebic infections (Entamoeba coli 
and Endolimax nana) of both men and macaques are incurable by any 
ordinary treatment with this alkaloid. We have as yet, it is true, no absolutely 
certain criterion of a “cure”: but I feel confident that anybody who will 
take the trouble to study the faeces of any macaque intensively for a long 
time will be satisfied that one full month’s consecutive negative daily examina- 
tions—microscopically and culturally, with all necessary precautions—afford 

1 Amoebae found during treatment were not always diagnosed with complete certainty. 
Since it is known that negative examinations made during treatment of human beings have 


little value as evidence of cure, it seemed unnecessary to investigate all doubtful amoebae in 
great detail during such periods. This accounts for the queried entries in Tables VIII and IX. 
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convincing evidence of non-infection. At all events, in my experience no 
infection with #. histolytica, in any man or monkey, has hitherto escaped 
detection by such careful scrutiny. 
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As the effects of emetine-treatment upon the weight and growth of my 
macaques appear to me noteworthy, I have illustrated them in the accom- 
panying chart. This shows the growth-curves—expressed by weights—of 
Jacko (a growing male M. rhesus), Polo (a growing male M. sinicus), and 
Susanna! (an adult female M. sinicus), for the periods preceding, during, and 
after their various treatments. The curves constructed for the other two 
monkeys (Mungo and Rosa) are concordant, and are therefore not reproduced. 

1 Susanna’s second treatment was for the cure of an experimental infection which is not 


described here in detail. It is alluded to on p. 459, and has been incorporated in the chart for 
comparison with the re-treatments of the other monkeys. . 
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The times recorded in the abscissae were not, of course, simultaneous: but the 
time-intervals are identical, and the curves are therefore exhibited coinci- 
dently in order to afford a fair comparison. (E.B.I. indicates a period of 
treatment with emetine bismuthous iodide.) 


IV. Discusston. 


It will be evident, I think, from the details of the foregoing experiments, 
that macaques (M. sinicus and M. rhesus) react very like men to treatment 
with emetine. They can tolerate the alkaloid in extremely small doses, but 
are usually poisoned by larger—the characteristic symptoms, in both cases, 
being those of severe gastro-intestinal irritation, accompanied by nausea, 
vomiting, and diarrhoea. In proportion to body-weight, however, the toxic 
dose appears to be considerably higher for a macaque than for an average 
human being. 

The natural intestinal protozoa of macaques, which resemble those of 
men very closely—being in some cases, in all probability, identical—are also 
affected by emetine-treatment in a similar manner. In both hosts emetine 
acts upon E£. histolytica specifically; and when administered in adequate 
quantities for a sufficient time it is capable of eradicating infections with this 
parasite (both large and small strains). Upon £. coli and upon £. nana, 
however, it exercises no curative effect; and it is likewise without action upon 
the intestinal flagellates (Trichomonas, Enteromonas, and Giardia). The parallel 
is perfect, and may fairly be taken to emphasize not merely the recognized 
zoological affinity of the Macaques to Man, but also the close kinship of their 
respective intestinal protozoa severally to one another. 

Experiments which have been made to ascertain the effects of emetine 
directly upon these various protozoa in vitro are now all completely con- 
cordant. It has been shown that strains of E. histolytica isolated from Man, 
Macacus rhesus, M. sinicus, and M. nemestrinus, are all equally sensitive to 
very minute amounts of emetine in cultures!, and that £. coli (from Man) 
and #. nana (from Man and M. sinicus) are, in comparison, resistant to this 
alkaloid®, I may add, further, that I have also found the flagellates Trichomonas 
(from Man, M. rhesus, and M. nemestrinus) and Enteromonas (from M. rhesus, 
M. sinicus, and M. nemestrinus) equally or even more resistant in vitro®. Here 
again, therefore, the concordance between lethal action zn vitro and curative 
effect in vivo—with all hosts yet studied (Man, M. rhesus, M. sinicus)—is 
exact. 

The parallel is here so perfect, indeed, that if the action of emetine in vitro 
upon these various protozoa were alone known, its curative effects in vivo 
could be predicted. Our experiments with cultures show that emetine is 


1 See Dobell and Laidlaw (1926); Laidlaw, Dobell, and Bishop (1928). 

2 Dobell and Laidlaw (1926). Simian strains of FZ. coli have recently been tested in greater 
detail by Miss Bishop, with confirmatory results (unpublished). 
* Unpublished experiments. 
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specifically toxic to E. histolytica—the alkaloid having no significant toxicity 
for E. coli, E. nana, or intestinal flagellates. From this we might infer that 
the administration of emetine to a man or macaque infected with all these 
protozoa would eradicate FE. histolytica alone: and all experiments hitherto 
performed with proper precautions indicate that this conclusion would be 
correct. 

To my mind these considerations suggest—to use no stronger expression— 
three important corollaries. They seem to me to indicate (1) that the curative 
effect of emetine on L. histolytica infections—whether of men or macaques— 
depends upon a direct lethal action of the alkaloid upon the amoeba itself: 
(2) that—since this lethal action can be determined by experiments in vitro— 
the study of other chemical substances by similar methods is likely to afford 
valuable indications in the search for specific remedies for human amoebiasis: 
and (3) that for preliminary therapeutic tests of any such substances in vivo 
a macaque may be used instead of a man. 

Hitherto the study of the therapeutics of amoebic dysentery has lacked 
direction, and has been greatly hampered by want of a suitable subject for 
experimentation. There has been no sure means of ascertaining whether any 
given drug is worth trying or not—as a cure for E. histolytica infection—and 
no animal to try it en except man. The chief animal previously available has 
been the kitten: but although kittens can be easily infected with E. histolytica, 
they cannot be cured by any certain method. Emetine will not, as a rule, 
cure acute amoebic dysentery in the cat!: and if this animal had been used 
originally to test the curative efficacy of the ipecacuanha alkaloids, the re- 
markable therapeutic action of emetine in human amoebiasis would most 
probably have remained undiscovered. Now, however, it appears feasible to 
test any drug in vitro on cultures of E. histolytica—as a preliminary guide— 
and then to try it in vivo upon macaques infected with this parasite. My own 
experience and experiments with emetine persuade me, at all events, that 
any drug found to be highly toxic to E. histolytica in cultures, and able at 
the same time to cure infections—either natural or experimental—in macaques, 
would most probably be serviceable for treatment of amoebic dysentery in 
man. In any case, however, a drug with such properties would be well worth 
trying, and its administration to a human patient would have some scientific 
justification—which certainly cannot be said for all the nostrums advocated 
at the present time. 

In my experience macaques are not easy animals to use for experiments. 
They require individual personal attention, and can be successfully employed 


1 Dale and Dobell (1917). The later experiments of Mayer (1919) and Sellards and Leiva 
(1923) appear to me to confirm our original findings: though the former (like other Germans) 
ignores our work, while the latter dispute our conclusions and claim to be able to cure amoebic 
dysentery in kittens by treating them with emetine intrarectally. But this method—as used by 
these workers—is obviously open to various criticisms, and Sellards and Leiva record no success 
in treating dysenteric kittens with emetine administered in the ordinary ways (orally or hypo- 
dermically). 
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for drug-testing only by workers who are able and willing to devote months— 
or even yearsto their care and study. I say this lest anyone might wrongly 
infer from the foregoing remarks that I am advocating the study of assorted 
chemicals upon “amoebae” in “monkeys” by inexperienced workers. The 
reverse is my intention. I do not advise anybody to study the action of any 
drug upon any amoeba in any monkey before he has familiarized himself 
with all the animals concerned, and I would warn him that this is far more 
difficult than it may appear at first sight. 

I treated my macaques with emetine—in preference to any other remedy — 
because I particularly warited to study its action on E. histolytica in monkeys; 
but I used this drug also because I greatly desired to eradicate the infections 
from my own macaques in order to attempt to reinfect them with similar 
protozoa, and I had learnt from previous experience that emetine is the most 
certain and effective agent for this purpose. I say this because there is, at 
the present moment, a tendency to decry emetine—as a cure for amoebiasis— 
and to belaud its more recent rivals. Nowadays even experienced workers 
doubt whether emetine can ever cure EZ. histolytica infections in human beings?: 
though it is perhaps somewhat significant that certain of the newer remedies 
are now being found to work most efficaciously in combination with emetine 
in curative doses. For my own part, I am fully satisfied that many human 
beings have actually been cured by the administration of emetine alone: 
because I have carefully studied their stools before, during, and after treat- 
ment, and have been able to follow up the results for many months—in some 
cases for years. I possess numerous records which prove conclusively (to my 
mind) that human infections with E. histolytica can be permanently eradicated 
by appropriate treatment with emetine. 

This belief naturally raises the question of the true criterion of a “cure.” 
How are we to know whether an infection with FZ. histolytica has really been 
removed by treatment of the host with any drug? The question is admittedly 
difficult to answer, though it certainly can be answered if sufficient data be 
collected. I have elsewhere tried to show? how this problem should be 
approached: but the more recent discovery of trustworthy methods of culti- 
vating FE. histolytica® now enables us to evaluate the “negative examination” 
with still greater precision. It is not yet possible to say how many “negative 
examinations” are necessary to prove “freedom from infection”; but it is 
already certain that negative examinations made by a competent proto- 
zoologist using microscopic and cultural methods simultaneously have a far 
greater significance than those made by direct microscopic search alone. In 
the foregoing researches I have taken 28-65 consecutive daily negative 
examinations—made by both methods—over periods of 4-10 weeks following 


1 For example, Knowles (1928, p. 93) says: “it is doubtful whether emetine alone will ever 
entirely eradicate an infection with EZ. histolytica.” 
2 Dobell (1917). 
* Boeck and Drbohlav (1925); Dobell and Laidlaw (1926 a). 
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treatment as conclusive evidence of “cure” (non-infection). All other evi- 
dence yet obtained supports this assumption, but I freely admit that I still 
do not know exactly how many negative findings—microscopic, cultural, and 
clinical—are necessary to demonstrate, with absolute certainty, that any 
given monkey or man is uninfected with E. histolytica or any other intestinal 
protozoon. I can only say that, in the present case, the negative examinations 
were prolonged over a period sufficient to satisfy me personally, beyond all 
reasonable doubt, that the infections had been entirely eradicated. 

To some people, doubtless, it will appear a mere waste of time to study 
the action of so old-fashioned a drug as emetine on the amoebae of monkeys. 
Such people want novel and more potent remedies for the cure of amoebic 
dysentery in man. While fully sympathizing with their desires, I am, never- 
theless, firmly convinced that advance in chemotherapy is not likely to 
occur—save by accident—through random experimentation with drugs of 
unknown and unpredictable activity, and with “tests” of “protozoa” in 
general. No discoveries of any practical importance to sufferers from amoebic 
dysentery are likely to result from crude trials made with speculative com- 
pounds upon free-living amoebae of inaccurately determined species, upon 
Paramecium, or upon other organisms only remotely related to E. histolytica. 
To me it seems infinitely more probable that progress will ultimately be 
made by carefully calculated attack from positions already consolidated than 
by raids into unknown territory from insecure advance-posts. Consequently, 
I think it more profitable to try to elucidate the action of emetine on E. histo- 
lytica—a drug already known to cure amoebic dysentery in man—than to 
attempt to discover new “amoebicidal” or “protozoicidal” substances by 
guesswork. 


The foregoing brief discussion is designedly provocative and confessedly 
and obviously one-sided. But my present findings, and my inferences from 
them, are recorded in detail, and they are open to correction from fellow- 
workers. It is hardly necessary to add that I should welcome any competent 
contradictions or criticisms; for my main object is—and has ever been, in all 
my researches—to ascertain the truth, and I am not unmindful that “la 
science s'avance parce qu'elle n’est stire de rien.” 
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SUMMARY. 


Five tame monkeys (3 Macacus sinicus and 2 M. rhesus) have been treated 
with emetine bismuthous iodide per os, in order to study the effects of the 
alkaloid upon their intestinal amoebae (and other protozoa). 

These monkeys were originally infected with Entamoeba histolytica (large 
and small strains), Entamoeba coli, Endolimax nana, Enteromonas (= Tricerco- 
monas), and Giardia. Treatment with emetine ultimately eradicated the 
E. histolytica infections from four out of five animals, but did not remove 
any of their other intestinal protozoa. 

It has been found necessary to administer 60 mg. of emetine bismuthous 
iodide daily for about a week to a macaque weighing about 5 kg. in order to 
eradicate an infection with EZ. histolytica. Such dosage was toxic to four of 
the five monkeys used. 

The general conclusion drawn is that emetine affects the various intestinal 
protozoa of M. sinicus and M. rhesus exactly as it does the comparable species 
in man; and it is suggested that macaques can therefore be utilized—if similar 
methods be employed—in place of men in future chemotherapeutic experi- 
ments directed towards the discovery of remedies for human amoebic 
dysentery. 


TABLEs I-IX. 


In these Tables—which are otherwise self-explanatory—the entries relat- 
ing to the microscopic findings (faeces and cultures) have the following 
significations: 


+ =E. histolytica found, 

— =. histolytica not found. 

+?=amoebae found which were not determined as E. histolytica or E. colt 
with absolute certainty. 

0 =no examinations made, 
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A NEW CESTODE, TAENIA RILEYI N.SP., 
FROM A LYNX. 


By SOLOMON L. LOEWEN, M.A. 
Department of Zoology, University of Minnesota. 


(With Plate XXI.) 


From the small intestine of a lynx, Lynx canadensis, killed in the vicinity of 
Minneapolis, Minnesota, four strobilae and two fragments of an undescribed 
taenioid cestode were recovered. The largest of these tapeworms, which is 
the only one containing segments in all stages of development, measures 
3lem. in length and contains 253 proglottids; the other three strobilae 
measure 8, 26 and 30 mm. in length, respectively. The two fragments, one 
consisting of three and the other of eight ripe proglottids, apparently are 
segments from the largest one of these four strobilae. 

The only taenioid cestode reported heretofore from Lynx canadensis is 
T. laticollis, recorded by Stiles and Hassall (1912, p. 370), the identity of which 
is questioned by Hall (1919). The tapeworms under consideration differ from 
T. laticollis in that the strobilae are more than three times as long (31 cm. as 
to 5-9-5 cm.); they possess a distinct neck in contrast to 7. laticollis, which 
has this structure lacking; the number, size and shape of the hooks are also 
very different in the two species. There are no known taenia that agree in 
all respects with my specimens, indicating that I am dealing with a new 
species, which I name Taenia rileyi, in honour of Dr William A. Riley, Head 
of the Department of Zoology, University of Minnesota. 

Specific diagnosis: Scolex. The head, piriform in shape, measures 700 to 
1200 z in diameter. The large and powerful cylindrical rostellum, 400 to 680 
in diameter, is armed with a double row of 32 hooks. The large hooks are 
340 to 386 long. The small hooks are 212 to 220, long. The suckers range 
from 250 to 390, in their greater diameter. The neck is only a little more 
than one-half as wide as the scolex and is about 1 mm. long. 

The longest strobila measured 31 cm. in length and contains ca. 253 pro- 
glottids. The first immature segments are three to four times as wide as long; 
the sexually mature segments are fully twice as wide as long; the gravid 
proglottids attain a length of ca. 2-72 mm. and a width of ca. 4-6 mm. The 
genital papillae are irregularly alternate, but as many as nine may occur on 
one side in succession; they are near the middle of the lateral margins of 
the segments and are only slightly elevated. The calcareous corpuscles do 
not measure over 10, in diameter. 
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Male genitalia. The testes are 45 by 58y in diameter and there are 
450 to 550 in a segment. They occur in two large lateral masses; these are 
connected in the anterior region of the segment by a rather narrow isthmus 
and do not invade the post-ovarian, ovarian and mid-uterine fields, but they 
lie around the vas deferens and vagina and the uterus where the two testi- 
cular masses come together. A vesicula seminalis is absent. The vas deferens 
arises near the medium stem of the uterus porally and extends as a coiled 
duct towards the lateral margin of the segment in almost a straight line. 
The cirrus pouch is ca. 425 long and 120 wide. 

Female genitalia. The ovaries are sub-equal in size, the aporal one being 
considerably larger. The vitellarium does not extend laterally as far as the 
ovaries and is very narrow. The vagina parallels the slight anterior curvature 
of the vas deferens in its entire length up to near the uterine stem where it 
flexes posteriorly into the interovarian field towards the Mehlis’ gland. The 
uterus is directed slightly porally where it meets the vagina, then it extends 
forward in a straight line; it does not lie in the median plane of the segment, 
but lies noticeably towards the poral margin. In gravid segments the uterine 
stem bears on each side from 7 to 11 lateral branches. The eggs are on the 
average 29 by 33, in diameter. 

Hosts. Primary: Lynx canadensis. Secondary: unknown. 

Locality. Minnesota. 

Life-history. Unknown. 

Specimens in the collection of the U.S. National Museum: type, No. 8069; paratype, 
No. 8070. Two paratypes in the author’s collection. 

The following key, modified after Hall (1919, p. 7), points out differences 
between the above-described species and other taenia described from carni- 
vores. 

KEY TO THE SPECIES OF TAENIA FROM CARNIVORES. 


1. Rostellum with a single circlet of hooks of rose-thorn shape. Taenia monostephanos. 
Rostellum with a double crown of hooks of conventional shape, i.e. with a relatively 
long handle. 2. 

2. Large hooks 60 to 74 in number; 320 to 355 long; the large hooks arranged alternately 
nearer to the centre of the rostellum and farther from it, forming, in effect, two circlets 

of large hooks. Taenia macrocystis. 
Large hooks not over 60 in number. 3. 

3. No neck. Large hooks 380 to 420 long; hooks 26 to 52 in number, well-developed 
sphincter vaginae. Taenia taeniaeformis. 
Neck present, or if absent, large hooks 38 to 60 in number, no sphincter vaginae. 4. 

4. Noneck. Large hooks 38 to 60 in number; 380 to 420, long. Taenia laticollis. 
Neck present. Large hooks not over 386, long. 5. 

5. Large hooks 340 to 386, long; 32 in number. Small hooks 212 to 220, long. Testes 
do not extend posterior of ovaries or vitellarium. Taenia rileyt. 
Large hooks not over 2944 long. 6. 

6. Large hooks 225 to 294 long. Small hooks deeply bifid. Testes extend posterior of 
vitellarium. Vas deferens originates in a vesicula seminalis. Taenia pisiformis. 


Large hooks not over 220, long. 7. 
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Guard of small hook twisted so that its flat surface tends to lie in the plane of the 


blade and handle. Taenia brachysoma. 
Guard of small hook not so twisted. 8. 
Head acorn-shaped with hooks far anterior of the suckers. Mature segments approxi- 
mately square. Taenia balaniceps. 
Head not acorn-shaped and hocks not far anterior of the suckers. Mature segments 
distinctly broader than long. 9. 
Large hooks 95 to 140 long. Taenia brauni. 
Large hooks 148 long or more (species of Multiceps will run down to here with a range 
of 135 to 180,). 10. 
Gravid uterus with 20 to 25 lateral branches on each side of the median stem. Vagina 
crosses the ovary on the pore side in some segments. Taenia ovis. 
Gravid uterus with not over 10 lateral branches on each side. Vagina does not cross 
the ovary on the pore side of segments. 11. 


Large hooks 148 to 170, long. Genital papilla very large and prominent, practically 
as long as the margin of the segments. Vagina does not form a crescent near segment 
margin. Gravid segments without a median longitudinal groove terminating in a 
posterior notch. Taenia krabbei. 

Large hooks 170 to 220, long. Genital papilla small and not prominent. Vagina forms 
a sort of crescent by dilation and curvature near lateral margin of segment. Gravid 
segments with a median longitudinal groove terminating in a notch posteriorly. 

Taenia hydatigena. 
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EXPLANATION OF PLATE XxXl. 


Fig. 1. Seolex and neck of 7’. rileyi n.sp., showing circlet of hooks reconstructed. 
Fig. 2. Mature segment of 7’. rileyi n.sp. 

Fig. 3. Gravid segment of 7’. rileyi n.sp. 

Fig. 4. Large and small hooks of 7’, rileyi n.sp. 


(MS. received for publication 9. vit. 1929.—Kd.) 











FACULTATIVE BLOOD-SUCKING IN PHYTOPHAGOUS 
HEMIPTERA. 


By J. G. MYERS, Sc.D., F.E.S. 
Imperial Bureau of Entomology. 


INTRODUCTION. 


In 1926 Bequaert wrote, “In the light of the theory of evolution, the various 
cases in which hemipterous insects, that are normally predaceous or even 
phytophagous, occasionally become blood-suckers are of considerable interest. 
They show that haematophagous habits may be readily and rather suddenly 
acquired by insects that have developed suitable piercing and sucking mouth- 
parts, without previous adaptation to a blood diet.” These remarks accom- 
panied an annotated list of the species of Hemiptera known to bite man without 
provocation. In the list are included six species of Cimicids and eleven 
Reduviids (Triatoma and Rhodnius) which are apparently obligate blood- 
suckers of Vertebrates; and nine Reduviids, one Nabid, five Anthocorids', 
and two Lygaeids (Geocoris henoni Puton and G. scutellaris Puton) which are 
normally predaceous on other insects, whose haemolymph they suck, being 
thus obligate blood-suckers of Arthropoda. The case of Clerada apicicornis 
Sign. is obscure, though this species is probably normally predaceous on other 
insects. An Australian species (C. nidicola Bergr.) is an inquiline in the nests 
of “opossums” (phalangers). 

Of the remaining eight insects, the Pyrrhocorid, Dysdercus superstitiosus 
(Fabr.) is predominantly plant-feeding, though at times omnivorous, the 
Lygaeid, Leptodemus minutus (Jak.) is probably predaceous, while the food- 
habits of the Capsid, Brachynotocoris puncticornis Reut., are unknown; the 
Capsidae are generally regarded as phytophagous, but the number of known 
predaceous species increases rapidly. This leaves two other Capsids and eight 
Cicadellids (Jassids) which are definitely normally plant-feeders, and which, 
with a number of additions, will be considered at greater length. 

Bequaert’s list may be considerably extended. Thus McAtee and Malloch 
(1925, p. 7) record the Cryptostemmatid, Ceratocombus vagans M. and M., as 
biting man. The normal food-habits of this insect, and in fact of the family 
to which it belongs, are unknown, but they are probably predaceous. Misra 
(1924), in India, describes cases where a Henicocephalid, Henicocephalus 


2 On p. 189 Bequaert is mistaken in suppoging that the Anthocoridae are normally phyto- 
phagous. All those in which anything is known about the food-habits are predaceous. 
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basalis Westw. (p. 309), and two Anthocorids, T'riphleps tantilus Mostch. and 
Septicius clarus Dist. (p. 308), were concerned. These are all normally pre- 
daceous. Of the Triphleps he writes, “When about to suck, the adult raises 
its body on its hind legs and thrusts in its rostrum. The bite is sharp and is 
felt instantaneously and the bug settles down on the exposed part to feed.” 
The Septicius did not actually bite man, but was found sucking meat. Its 
abdomen became red and distended with the blood. Fletcher (1920) records 
that a Lygaeid known as the “squirrel bug” in India, and normally found in 
squirrels’ nests, sucked the blood of man, rabbit and goat in the laboratory. 
I suspect this to be a species of Clerada. 

Tucker (1911) records being bitten on the back of the hand by Triphleps 
insidiosus Say, in Texas, while doing field work (thus probably during the 
daytime). Under similar circumstances he reports another observer being 
bitten by Geocoris bullatus Say. Both these species are predatory forms. It is 
uncertain whether or not this is also the case with the Capsid, Atomoscelis 
sericatus Reut., an individual of which bit Tucker very persistently on the 
hand while he was writing under an electric light. He described the effect as 
similar to that of a mosquito puncture. 

There is every graduation, among biting Heteroptera, between those which 
never bite man unless handled roughly, when they prick the collector’s 
fingers, and those which, like the species of Cimex, are highly specialised, in 
behaviour and in morphology, as blood-sucking parasites. It is interesting to 
notice that the pain of the actual stab tends to vary in the inverse direction 
to this specialisation. At the bottom of the series stand such forms as Notonecta, 
a large Cuban species of which bit me severely on the basal joint of the fore- 
finger as I took it out of the water. The pain was acute for some minutes, and 
was followed, for three days, by considerable swelling and strong, persistent 
itching like that of a severe mosquito-bite. An intermediate position is taken 
by such insects as the large Reduviids, such as Rasahus biguttatus Say, which 
invariably bite when seized and occasionally without provocation. A large 
specimen bit me on the tip of the thumb in Cuba, causing truly abominable 
pain, increasing in intensity for five minutes, and reminding me of the sting 
of a large Pompilid (Psammocharid). It was felt up the arm, side of neck and 
face, and gradually passed away to a slight numbness. There was no swelling 
at any time, but the scar was distinctly visible nineteen days later. 

Bequaert, in the Medical Report cited above, was concerned only with the 
species attacking man. The present writer, from the standpoint of a general 
interest in the feeding habits of the Hemiptera, would like to consider also 
the cases of phytophagous forms occasionally attacking other insects. The 
following list includes both categories, but so far as the Heteroptera are 
concerned no attempt has been made to list those allegedly phytophagous 
members of the great plant-feeding families Pentatomidae, Lygaeidae and 
Capsidae which have been recorded as occasionally predaceous. We know far 
too little of their normal habits. 
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In the case of the Homoptera, however, we are reasonably sure that the 
whole of this vast assemblage is normally phytophagous. 


1. List oF PHYTOPHAGOUS HEMIPTERA RECORDED AS ATTACKING VERTE- 
BRATES AND (IN CASE OF HOMOPTERA ONLY) OTHER ANIMALS. 


HETEROPTERA. 
CAPSIDAE. 


Trigonotylus brevipes Jak., biting man in East Africa (see Bequaert, p. 188). 

Plagiognathus obscurus Uhl., biting man in North America (see Bequaert, 
p- 188). P. politus Uhler, in North America, has once been recorded as pre- 
daceous on another insect (Stear). 

Maurodactylus albidus Kol., var. discoidalis Reut. (Bergevin, 1926); 
biting man in North Africa, in the evening, at electric light, near an open 
window, after a day of moderately violent Sirocco. The plant-host is said to be 
Sisymbrium. Bergevin attributes the blood-sucking to “un chimiotropisme 
ayant pour base des attirances électroniques de nom contraire.” 

Lygqus pratensis L. (unpublished observation of the writer, Farnham Royal, 
England). Butler (1923, p. 419) refers to the occurrence of adults at light. 
He thinks it probably occasionally carnivorous, but gives no instances. 


HOMOPTERA. 
CICADIDAE. 

Magicicada septendecim (L.). Of the famous periodical cicada, Marlatt 
(1907) writes, “With every general outbreak of this insect are associated many 
accounts in local papers of its stinging human beings, the sting often resulting, 
it is stated, more or less seriously to the person stung.” He discredits most of 
these reports, and shows that the authentic ones are certainly based on a 
prick from the mouth-parts and not from the ovipositor, which cannot pierce 
the skin. 

CICADELLIDAE. 
CICADELLINAE. 

Kolla similis (Walk.) (det. A. Pickles) (Prof. H. A. Ballou, unpublished 
record), Trinidad. 

Draculaecephala mollipes (Say) (Lawson, 1926), North America. 


J ASSINAE. 
Athysanus (Phrynomorphus) indicus Dist. (Donovan, 1920), India. 
Athysanus vulnerans Bergevin (Bergevin, 1925), Sahara. 
Nephotettix bipunctatus (Fabr.) (Brumpt, 1922, p. 815), Philippines and 
India. 
Thamnotettix sanguisuga! Lindberg (1927, p. 88, Figs. 1-4, Bergevin, 1925), 
Sudan. 


? Mr W. E. China assures me that this cannot be a Thamnotettiz, but is probably an Aconura. 
It is very near to A. prolixa Leth. 
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Thamnotettiz cellulosa Lindberg (op. cit. p. 90, Figs. 5-8), Sudan. 

Euscelis curticeps Lindberg (op. cit. p. 92, Figs. 9-11), Sudan. 

Euscelis exitiosus Uhl. (Crosby, 1926), North America. 

Euscelis obscurinervis (Stal) (l.c.), North America. 

Platymetopius acutus (Say) (Riley and Johannsen, 1915, p. 33), North 
America. 

Phlepsius irroratus (Say) (Lawson, 1926), North America. 

Deltocephalus inimicus (Say) (l.c.), North America. 

Deltocephalus sp. (l.c.), Kiangsu, China. 


TYPHLOCYBINAE. 
Kybos smaragdula Fall. (W. E. China, unpublished observation), England. 
Empoasca fabae Harr. (= E. mali Le B.) (Tucker, 1911; Becker, 1918; 
Lawson, 1926; Riley and Johannsen, 1915), North America. 
Typhlocyba quercus ? ) (T. Esaki, unpublished observation), 
Erythroneura (Zygina) maculata? {| Japan. 
Erythroneura basilaris (Say) (Lawson, 1926), North America. 
Erythroneura (Zygina) mori Mats., causing black patches on silkworms in 
Japan (Kajitani, 1919). 
FULGOROIDEA. 
Gen.? sp.? (Kirkaldy, 1909, p. 51, footnote 7). Kershaw wrote from Ceram 
that he was “sitting in a chair [when] a nymph of a small Fulgoroid settled 
qn my bare foot, and punctured it and began to suck. Muir saw it.” 


APHIDIDAE. 


Aphid, undetermined, on plum in Ohio. In confinement sucked the egg of 
the Coccinellid, Megilla maculata De G. A winged female and as many as 
six nymphs were watched thus feeding, each insect absorbing the contents of 
one egg (Girault, 1908). 

Aphid, undetermined, on hops in Rhine Valley. Mites (Tetranychus 
telarius L.) do not occur on hops when aphids are present, as the latter attack 
them and suck the juice from their bodies (Vogelweid, 1922). In connection 
with this, it is interesting that Uvarov (1928, p. 295) states “a haemolysin 
was discovered in Aphids by extracting whole insects; it is doubtful whether 
this can be a digestive enzyme in the case of insects feeding exclusively on 
plants. 

2. OBSERVATIONS ON THE BEHAVIOUR. 

As an example of the behaviour of these facultative blood-suckers we may 
take the case of Lygus pratensis. On 22nd August I was examining a collection 
of living Sminthurus viridis and associated insects swept from wild white 
clover in France, and sent over, tied up in small muslin bags inside perforated 
brass-containers, themselves enclosed in cardboard cylinders. A number of 
these bags were emptied at once into a large tall glass vessel for convenience 
of examination. While my hand was in this jar, manipulating a sucking-tube 
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for catching the Collembola alive, I suddenly felt a sharp prick, like that of a 
mosquito, on the top of the basal joint of the first finger. There was a fifth 
instar nymph of Lygus pratensis (kindly determined by Mr W. E. China) 
with mouth-setae engaged in the skin and the whole insect so absorbed that 
it was easy to withdraw the hand and hold the finger under the binocular 
* microscope. The bug soon withdrew the setae and thrust them in again very 
close to the previous puncture. I allowed it to suck there for one hour, and 
then, as it showed no signs of ceasing, I disturbed it. 

There was an itching and pricking sensation the whole time. 

Occasionally the setae were sunk in to within labrum-length of the tip 
of that organ, the labium being then bent several times upon itself in the form 
of a close-limbed W. At other times the mouth-parts were considerably with- 
drawn, but never completely so. Both the drawing-out and the re-sinking 
were accompanied by intense local irritation. 

After sucking for an hour, the insect’s abdomen was somewhat, but not 
greatly, distended and slightly reddish. On the 23rd, having been placed in a 
large vial with grass, the bug passed two drops of reddish excrement. On the 
27th it was dead, without apparently feeding in the interim. 

The seat of the bite showed two small red specks where the skin had been 
pierced, surrounded by a whitish hard area and outside this a red suffusion to 
a diameter of 1 em. Considerable itching was felt for at least six days. 

Some days later a similar consignment, likewise from France, was being 
examined, when I was bitten again by a bug of the same species and in the 
same instar. I disturbed it at once, with the result that the bite left no mark 
and was not felt after the first hour. 

It is a striking fact that nearly all the above cases of occasional biting and 
blood-sucking have taken place under circumstances which, from the stand- 
point of the normal biology of the species concerned, are extraordinarily 
exceptional. A very large percentage, for instance, of the bugs and leafhoppers 
listed above as attacking man, did so, I was about to say, under the influence 
of light. Like so many other insects they are attracted by strong artificial, 
especially electric, light; they fly wildly round its source, and settle from time 
to time on the walls, which they cannot pierce, or on adjacent people, whom 
they can. Thus Bergevin (1925) records in the middle of spring, in North 
Africa, “pendant les nuits chaudes et calmes, une véritable pluie de petits 
insectes piquers....” In Madras, especially after the north-east monsoon, 
large numbers of leafhoppers come to light and sting both at night and on 
cloudy days. All of Lawson’s records, quoted above, concerned Homoptera 
attracted to artificial light, as also does that of Prof. Ballou. He was bitten 
when collecting at lights, or while reading. Beamer (see Lawson, /.c.) was 
bitten thus by Erythroneura basilaris which “after biting in one place a while, 
moved a short distance and inserted its beak, then moving once more inserted 
its beak for the third time, each time the bite being felt for several seconds.” 
Hertig sent from China large numbers of Deltocephalus sp. which at light bit 
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repeatedly. They “braced themselves up for the thrust” and remained sucking 
for several minutes. Lawson doubts whether blood is actually ingested, but 
there can be no doubt that it is. Tucker (l.c.) crushed on white paper an 
Empoasca fabae (mali) which pierced his hand three or four times while he 
was working at a desk under electric light, and a bloody streak was visible. 
All Tucker’s other cases of Homoptera and that of Atomoscelis were at light, 
as also were Esaki’s and Becker’s. The latter author describes the prick of 
Emposaca fabae as about half as severe as a mosquito bite. On being dis- 
turbed, the hoppers moved off a short distance on his arm and inserted the 
beak again. There was no swelling nor irritation afterwards. Crosby was 
asleep under artificial light and was awakened by the bites of Euscelis exitiosus, 
which promptly ceased when the light was,turned off. 

It may be mentioned too that the Reduviids, Vescia minima F. and B. and 
Aphelonotus simplus Uhl., which flew on the boat in the Rio Negro and bit 
Bequaert (/.c. p. 185), were apparently attracted by the electric lights. Also, 
the two Geocoris, and the Brachynotocoris recorded by Bergevin (1925) and 
the Maurodactylus noticed in 1926 were all attracted by light when biting 
took place. 

The other cases are less clear as to circumstances. Tucker mentions bites 
by Triphleps and by Geocoris during field work—thus presumably during: the 
day. The Ceratocombus which bit Malloch apparently settled on his person 
while he was collecting in the daytime. China felt the sharp prick of Kybos 
smaragdula while engaged in beating trees for insects. The Lygus nymphs 
which bit the present writer did so in daytime, certainly, but were and had 
been for some days under extremely unnatural conditions. 

In summary, it may be stated that the vast majority of the bites inflicted 
on man by Hemiptera of normally phytophagous habits are by insects under 
the influence of very unusual conditions, amounting in extreme cases, as 
during attraction by electric light, to a complete extraction from their normal 
environment. The mere fact of alighting on a large Vertebrate body, whether 
accidentally, or in flight from beating or other collecting operations, brings 
the phytophagous insect within range of a host of stimuli—visual, thermal, 
tactile, olfactory—which are totally foreign to it. The Homoptera especially, 
being much more generalised feeders than the Heteroptera, are accustomed 
to drawing their liquid nourishment from almost any portion of the vegetable 
substratum on which they normally rest. How easily leafhoppers may be 
induced to pierce and suck under entirely unnatural conditions is shown in 
the ingenious technique of Carter. The liquid used—whether plain water or 
various solutions of plant sap—was contained in a rough bag made by tying 
up a piece of “fish-skin” (apparently swim-bladder). This was suspended from 
the roof of the cage and was freely sucked by the insects. The psychic element 
in piercing and sucking when a leafhopper finds itself on a pierceable surface 
with liquid beneath must be so small as to be almost negligible. Under great 
mental stress, we pace up and down unconsciously and uselessly. Similarly 
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a leafhopper, under the overwhelming influence of one great stimulus, that of 
artificial light, flies about its source, alights on nearby objects, and if these be 
animal bodies, pierces and sucks them. Both activities are divorced from the 
usual biologically effective movements of the species. 

Bergevin (1925), as indicated above, puts forward an entirely different 
explanation, which, I must confess, is only partially clear to me. He writes 
(p. 41): ““Jusqu’é nouvel ordre, je ne puis voir dans cette attirance exception- 
elle pour l’épiderme humain qu'un tropisme de nature particuliére, un chimio- 
tropisme dont les principaux facteurs pourraient étre des éléments de nom 
contraire. La théorie électronique de la matiére pourrait trouver un motif de 
justification dans ces attirances, qui, je le reconnais, demeurent encore trés 
mystérieuses dans leur cause initiale.”’ 

He says further than in earlier work he has demonstrated that a number of 
Heteroptera are attracted by acids. He suggests that uric acid in perspiration 
therefore exerts a tropic attraction in the above cases. 


3. ALLEGED PATHOLOGICAL EFFECTS ATTRIBUTED TO HOMOPTERA. 


It is possible that the following curious record (Beauperthuy, 1881) is 
based on a confused account of some such cases as those listed above. Only 
the abstract has been available to me, but this was written by a highly reput- 
able entomologist (Fairmaire). It deals with an epidemic of cholera morbus 
in Venezuela, caused by the sting (?) “d’un insecte appartenant & l’ordre des 
Hémiptéres-Homoptéres. En piquant la peau des animaux, l’insecte dépose son 
virus dans les tissus sous-cutanés. La piqire resemble a celle du Moustique et ne 
fait pas beaucoup de mal.” 

The gravity of the malady depends on the number of bites and their seat. 

“Aprés introduction du poison, des taches livides apparaissent, sem- 
blables a celles qui résultent de la piqire des serpents venimeux.” 

In closing these notes, it may be permitted to refer to a widespread belief 
in the injurious effects of froghopper “spittle” on Vertebrates which eat it. 
This effect is not connected with biting, but is, however, allied to the subject 
of pathology and Homoptera. The following is a statement of the belief as 
it occurs in England (Anon. 1926): 

“Tt is a well-known fact that the cuckoo spit kills pheasants. I have known 
scores to die from it, and as to gapes being the cause of the froth, pheasants 
do not froth when they are suffering from gapes at all. They merely shake 
their heads, droop their wings and gape. The first symptom of gapes is the 
bird sneezing which is more noticeable in the morning. The gapeworm is a 
thin, red worm, and is found in the windpipe, and no froth ever comes from 
there. Mr Harding mentions that small birds eat the same insect and it does 
them no harm; that may be so, but probably the small birds kill the insect 
which causes the froth, and the pheasant does not. I have known pheasants 
ten weeks old to be killed by this froth—fine, healthy birds, too—and I have 
spent many hours brushing it off the grass with a bough.” 
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Misra (1924, p. 316) mentions that an Indian froghopper, Ptyelus affinis 
Distant, is thought to cause a kind of dengue fever in cattle eating the froth. 
I know of no published evidence of any kind. It is curious that in New Zealand 
the very stiff froth which forms on the surface of skim-milk as it comes through a 
mechanical cream-separator is strongly believed to be highly injurious to calves. 

Since the above was written I have read an abstract (Rev. Appl. Ent. ser. 
B, 17, 47) of an article by Casazza (Bull. Soc. Med.-chir. Pavia, 1928, reprint) 
attributing a creeping disease of the human skin in Italy to the alleged 
parasitic larvae of a Coccid, Dermolecanium migrans, described by Zavattari 
as representing a new genus and species. “In the first of these cases, the 
affection resembled scabies, in the second cutaneous myiasis.” 
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EXPERIMENTS ON THE ACTION OF EMETINE 
IN CULTURES OF ENTAMOEBA COLI. 


By ANN BISHOP, Pu.D. 
National Institute for Medical Research, London, N.W. 3. 


INTRODUCTION. 


ALTHOUGH several papers on the action of emetine in cultures of Entamoeba 
histolytica have already been published, Dobell and Laidlaw (1926) alone have 
studied its action on cultures of Entamoeba coli. Their observations were made 
upon a pure strain of #. coli from man. The culture medium used for these 
experiments was an inspissated horse-serum slope covered with egg-white or 
horse serum diluted with Ringer’s fluid, to which solid rice-starch was added. 
They found that in this medium £. coli would produce a growth equal to the 
control in a dilution of emetine hydrochloride 1: 500. In greater concen- 
trations of this alkaloid cultures were negative. Cultures of E. histolytica, 
on the contrary, in a dilution of emetine hydrochloride 1 : 50,000 showed a 
very poor growth or were negative. In this medium, therefore, emetine ap- 
peared to be about a hundred times more toxic to EZ. histolytica than to E. coli. 

Later investigation (Laidlaw, Dobell, and Bishop, 1928) of the distribu- 
tion of the emetine in such liquid-solid media showed that the concentration 
of the emetine in the liquid constituent falls considerably upon incubation, 
part of the alkaloid passing into the solid. Consequently, at the end of an 
experiment the amount of emetine available in the liquid for action upon the 
amoebae is much less than at the beginning. It was therefore found necessary 
to use a wholly liquid and buffered medium in order to obtain an absolute 
value for the concentration of emetine hydrochloride lethal for E. histolytica. 
The object of the work described below was to make similar determinations 
for E. colt. 

I wish to offer my thanks to Mr Dobell for this suggestion, and for the 
help he has given me while I have been carrying it out. 


MATERIAL. 


The strains of Entamoeba coli used in these experiments were cultivated 
by Mr Dobell and myself from a female Macacus rhesus. This monkey (Rosa) 
was first examined (Bishop, 1927, Monkey 1m) in February, 1927, and was 
found to be infected with Entamoeba histolytica, E. co, Endolmaz nana, 
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Enteromonas sp., Blastocystis, and a nematode (Oesophagostomum). From that 
date frequent examinations of the faeces, and of cultures made from freshly 
passed faeces, were made; and all these infections persisted. 

It is well known that mixed infections of E. histolytica and E. coli behave 
very differently when their human host is treated with emetine. As a result 
of such treatment FL. histolytica can often be eliminated, whereas E. coli 
invariably persists. It has recently been found (Dobell and Bishop, 1929) 
that mixed natural infections with these entozoic amoebae in Macacus rhesus 
and M. sinicus give similar results when their hosts are subjected to a course 
of emetine bismuth iodide of efficient dosage. From October 7th until October 
13th, 1928, inclusive, Rosa was given a course of emetine bismuth iodide, and 
as a result of this treatment became negative for EL. histolytica, but retained 
the other species. On October 17th I found that her faeces contained many 
cysts of EF. coli, besides cysts of Enteromonas sp. and Endolimax nana. These 
cysts were sedimented in Ringer’s solution, the sediment treated with N/10 
HCl, neutralised, resedimented in Ringer, and sown in a tube of horse serum 
and Ringer-eggwhite containing a little sterile solid rice-starch and a growth 
of “ Bacillus I” (Dobell and Laidlaw, 1926 a). The cysts hatched, and a pure 
strain of E. coli, free from the other species and from Blastocystis, was subse- 
quently obtained from them. The purity of this strain was finally established 
by causing the amoebae to encyst again in vitro and hatching out these cysts. 
The strain so obtained (RC.) was cultivated and studied by us for over six 
months. 

The second strain of Entamoeba coli used in these experiments was a modi- 
fication of the RC. strain made by Mr Dobell in a hitherto unpublished ex- 
periment. Cysts of the RC. strain were swallowed by a human being who was 
not infected with either E. histolytica or E. coli; and a pure strain of E. colt, 
identical with RC., was subsequently recovered in culture from the faeces. 
This strain was called DCK. 

These two strains of E. coli (RC. and DCK.) were identical in origin, there- 
fore, but differed in that one was isolated directly from a monkey, the other 
from a human being. The amoebae were the same, but the bacteria accompany- 
ing them were different. The original strain was freed from a naturally co- 
existent infection with FE. histolytica by treatment of the host with emetine, 
and the purity of both strains was demonstrated time after time by obtaining 
typical cysts of HZ. coli (by cultivation in suitable media) and hatching them 
out. 

Both strains were morphologically typical im every way, showing the 
characteristic nuclear structure of £. coli in the free amoebae, and forming 
typical octonucieate cysts—both in cultures and in their respective hosts of 
origin. They therefore formed exceptionally well-authenticated material for 
investigation, having been exhaustively studied morphologically, culturally, 
and experimentally, in vivo and in vitro, and found to answer all requirements 
of a pure race of E. colt. 
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EXPERIMENTAL. 


For testing the action of emetine liquid culture media were used, as in the 
similar previous experiments with LE. histolytica (Laidlaw, Dobell, and Bishop, 
1928). Cultures of both strains of EZ. coli were started in horse serum diluted 
with Ringer’s fluid (1:8) and also in horse serum diluted with phosphate- 
Ringer’s fluid (1 : 8). Solid rice-starch was used in both media. The phosphate- 
Ringer’s fluid was made, as before, by the addition of 0-2 per cent. of disodium 
hydrogen phosphate to ordinary Ringer’s fluid, the final reaction of the 
diluted serum being adjusted to pH 7-2. Both strains were repeatedly sub- 
cultivated in these media to insure their running smoothly before they were 
tested with emetine. A little nursing, and sometimes frequent subcultivation, is 
needed when strains are first put into these wholly liquid media until the pro- 
portions of the different bacteria present readjust themselves and become stable. 

The first series of experiments was made with cultures in unbuffered 
serum-Ringer. Dilutions of emetine hydrochloride from 1 : 25,000 to 1: 400,000 
were made in this medium—great care being exercised in order that the 
dilutions should be sterile. In the earlier experiments the cultures were ex- 
amined four days after inoculation, but later an interval of three days was 
found to be sufficient. When the culture was examined the pH of the medium 
was determined colorimetrically by adding bromthymol blue to the cultures 
and matching them against standards, and by the drop method using brom- 
cresol purple and bromthymol blue as indicators. A culture was called “ posi- 
tive” when healthy amoebae were present and “negative” when no amoebae, 
or only dead ones, were found. If they could not be pronounced dead with 
absolute certainty, a subculture was made into a tube of horse serum Ringer- 
eggwhite with starch, and the final result read from this. 

The results of these first experiments are shown in Table I. Dilutions less 
than 1 : 75,000 are not tabulated as all were negative. A glance at the table 
shows that the results in this medium were very erratic, particularly with the 
RC. strain. But the medium used was unbuffered, and only its final reaction 
was determined. No effort was made to discover whether this reaction was 
the result of a gradual and uniformly directed change from the beginning of 
the experiment, or whether it was the end-result of a series of irregular and 
sudden variations in pH. In an unbuffered medium, with rapid changes in 
the flora, relatively considerable variations in pH are likely to occur. 

The experiments upon E. histolytica in liquid media (Laidlaw, Dobell, and 
Bishop, 1928) led us to conclude that the potency of the emetine was corre- 
lated with the reaction of the medium, its action becoming less effective with 
increasing acidity. The irregularity of the present results was therefore not 
unexpected ; and they show, on the whole, that emetine is more toxic to E. colt 
in neutral than in acid solution. Further experiments were therefore made in 
a buffered medium where the reaction would be more stable. The results are 

given in Table II. 
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Table I. 
Action of Emetine on E. coli in unbuffered liquid medium. 
(Dilute serum + starch.) 








RC. strain DCK. strain 
Concentration rc ——, ¢ \ — 
of emetine Final pH Grew Died Grew Died 
1 in 400,000 _ 1 0 0 0 
6-6 1 0 0 l 
6-2 0 0 1 0 
1 in 300,000 6-2 0 0 l 0 
6-0 0 0 1 0 
1 in 200,000 — 0 l 0 0 
7-0 0 1 0 0 
6-9 0 0 0 l 
6-8 0 2 0 0 
6-7 0 0 0 l 
6-0 0 0 1 0 
1 in 150,000 7-0 0 0 0 1 
6-8 0 l 0 0 
6-7 0 0 0 l 
6-6 1 0 0 0 
1 in 100,000 7-0 0 , 4 0 0 
6-9 0 0 0 l 
6-8 j 1 0 0 
6-7 0 0 0 l 
1 in 75,000 6-9 0 0 0 l 
6:8 0 l 0 0 
6-7 0 0 0 l 
6-6 1 0 0 0 
6-4 1 0 0 0 


Table II. 
Action of Emetine on K. coli in liquid medium. 
(Dilute serum + phosphate + starch.) 


No. of cultures which 





Concentration r aa 

of emetine ITew Died 

1 : 700,000 5 (pH 6-6-7-0) 0 

1 : 600,000 8 (pH 6-5-6-8) 1 (pH 7-0) 

1 : 500,000 7 (pH 6-4-7-0) 2 (pH 6-9) 

1 : 400,000 3 (pH 6-6-6-9) 10 (pH 6-6-7-0) 
1 : 300,000 0 7 (pH 6-8-7-0) 
1 : 200,000 0 4 (pH 6-6-6-9) 
1 : 150,000 0 2 (pH 6-7-6-8) 
1 : 100,000 0 6 (pH 6-6-6-9) 
1 : 75,000 0 2 (pH 6-8-6-9) 
1 : 50,000 0 3 (pH 6-7-6-9) 


The response of both strains to the emetine was so similar that, for the 
purpose of brevity in the table, they are considered together. Actually, 37 
of these 60 experiments were made with the RC. strain, which was tested 
first. Although fewer experiments were made with the DCK. strain, sufficient 
were performed to prove that its reaction was similar to that of RC. In a 
dilution of emetine 1 : 700,000 all the experiments gave positive results; but 
whereas at pH 6-6 the emetine cultures were equal to the control in the number 








of 
hea 
wit 
tior 


pH 


neg 
livi 
cen 
cen 
fore 
bet 
is I 
buf 
pos 
the 
can 
this 














485 


of amoebae they contained, those at pH 6-9 and 7-0, though numbers of 
healthy amoebae were present, were not so rich. Similar results were obtained 
with 1 : 600,000, though at pH 7-0 one culture was negative. At a concentra- 
tion of emetine 1 : 500,000 the cultures were—with the exception of two at 
pH 6-4 and pH 6-6—all poor, though the amoebae present were healthy and 
moving actively. At this concentration, with a pH of 6-9 the cultures were 
negative, but a preparation of a culture having a pH of 7-0 contained two 
living amoebae. Only three out of thirteen of the experiments with a con- 
centration of emetine 1 : 400,000 were positive. All experiments with con- 
centrations greater than this were negative. Emetine hydrochloride is there- 
fore toxic for Z. coli, in this medium, and with this range of pH, in dilutions 
between 1 : 300,000 and 1 : 600,000; and a minimal concentration of 1 : 300,000 
is necessary to sterilise the cultures with certainty. In Table I (in the un- 
buffered medium) where the pH fell to 6-2 and 6-0, however, cultures were 
positive in considerably stronger concentrations. The irregular results with 
the RC. strain, in greater concentrations of emetine in the unbuffered medium, 
can be explained by the legitimate presumption that the final pH was not, in 
this medium, a true index of the reaction during the whole period of incubation. 


Ann BISHOP 


DISCUSSION. 


Comparing the concentration of emetine lethal to E. coli with that obtained 
previously (Laidlaw, Dobell, and Bishop, 1928) for E. histolytica in a similar 
medium, it will be noted that, provided the reaction of the medium is not too 
acid, E. histolytica (both human and simian strains) is killed in a solution of 
emetine 1 : 5,000,000, whereas HZ. coli—again presuming that the pH does not 
fall too low—is killed in 1 : 300,000. The results of my experiments also give 
support to one of the conclusions deduced from our work upon E£. histolytica 
—that an alkaline reaction favours the amoebicidal efficacy of emetine. 

It is impossible to compare the concentration found lethal in these experi- 
ments with that found by Dobell and Laidlaw (1926) in their experiments on 
E. coli made with a partly solid medium, because later experiments have 
shown than an unknown amount of the emetine passes into the solid (Laidlaw, 
Dobeil, and Bishop, 1928). The original experiments showed that emetine is 
far more toxic to E. histolytica than to FE. coli, while the present results 
enable us to measure the difference more accurately. It now appears that, in 
neutral or very faintly acid solution, emetine is about sixteen times as toxic 
to E. histolytica as to E. coli—the absolute lethal concentrations found being 
1: 5,000,000 and 1 : 300,000 respectively. 

Although it is now possible to compare the action of emetine upon cultures 
of E. histolytica and E. coli under similar conditions, and to estimate the con- 
centration lethal in vitro to each species, it is difficult to apply these data to 
the amoebae in vivo. In comparing Table I with Table II it is obvious that 
the range of the lethal concentration is very wide in experiments where the 
reaction of the medium is uncontrolled. If the action of emetine in vivo is 
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direct, it would appear that—provided the reaction of the intestine lies 
between the limits studied here and previously—in a patient infected with 
both E. histolytica and E. coli, and who receives emetine treatment (thereby 
losing EF. histolytica and retaining E. colt), the concentration of emetine in the 
intestine must not be less than 1 : 5,000,000 nor greater than 1 : 75,000. 


SUMMARY. 


1. Two pure strains of Entamoeba coli, differing in their accompanying 
bacterial flora and experimental history, but identical morphologically, have 
been tested with emetine hydrochloride in vitro. 

2. In a buffered and wholly liquid medium, with a pH varying between 
6-8 and 7-2, emetine hydrochloride was found to be toxic to Z. coli in dilutions 
between 1 : 300,000 and 1: 600,000, the toxicity increasing with the alka- 
linity of the medium. 

3. It is therefore concluded that emetine is about 16 times as toxic in 
vitro to E. histolytica as it is to E. colt. 
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INTRODUCTION. 


WHILE working on parasites of fish for the New York State Conservation 
Department during the summer of 1928 it was possible to secure experimental 
evidence on the life-cycle of Proteocephalus pinguis La Rue 1911. The adult 
parasite lives in the digestive tract of Esox lucius Linnaeus and E. reticulatus 
Le Sueur where it ranges in length between 50 and 90 mm. Since La Rue (1914) 
gives a complete description of the adult it is not necessary to go further into 
the morphology of this form. Adult tapeworms for the experiments were taken 
from E. lucius from Lake Erie and Ellicott Creek, near Buffalo, New York, and 
from E. reticulatus from Barrett and China Ponds near Carmel, New York. 

I wish to express my appreciation to the members of the Conservation 
Department particularly to Mr John R. Greeley for host identifications and 
to Wanda Sanborn Hunter for aid in the experimental work, as well as to 
Dr Charles B, Wilson for the synonymy of the first intermediate hosts, the 
Copepoda. 

All six fish brought into the laboratory from the vicinity of Buffalo 
harboured P. pinguis in the digestive tract. The hosts ranged from 11-5 cm. to 
41-5 cm. in length and three of them sheltered 1, 7 and 27 mature P. pinguis 
respectively ; the remainder yielded 6 to 16 P. pinguis plerocercoid larvae. The 
smallest pickerel, 11-5 cm. in length, taken August 15, gave one adult and was 
undoubtedly of this year’s hatch, according to our ichthyologist, Mr Greeley. 
The presence of this adult tapeworm shows that the parasite may reach 
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maturity in one year and suggests the possibility of its being acquired directly 
from a first intermediate host during the brief period when it feeds upon 
Entomostraca. That this is not the only method of infection is shown by the data 
on 3 E. lucius, ranging between 27 and 41 cm. in length, which harboured 
respectively 7, 16 and 6 plerocercoid larvae of this species. It is evident that a 
fish 27 cm. long (to the base of the tail), normally of piscivorous habits, would 
not be feeding on Entomostraca. No light was thrown on this aspect of the 
problem by the 8 ZL. reticulatus from the vicinity of Carmel, New York, for 
these only harboured the adult tapeworm. Therefore the evidence at hand 
seems to suggest that there is a second intermediate host intervening between 
the first and the definite hosts. Support was found for this hypothesis by 
finding 5-suckered plerocercoid larvae in the lower intestine of young yellow 
perch (Perca flavescens). Routine examinations of 44 of these from three 
widely separated localities showed an infection of 50 per cent. The plero- 
cercoid larvae ranged from 0-4 to 2-6 mm. in length, and a comparison of 
sectioned material showed that they checked nicely with the figures given by 
La Rue (1914). Later plerocercoids recovered during the course of experiments 
proved to be identical with some of those found in the lower intestine of the 
yellow perch. An account of the experiments follows: 

The eggs. The eggs of this parasite were shot forth in quantity provided 
the worms were left in water for 15 to 20 minutes, consequently an ample 
opportunity was afforded to study them alive. The outermost hyaline membrane 
is typically round (it never assumes such peculiar shapes as are recorded for 
P. ambloplitis (Hunter, 1928)), it varies in diameter between 45 and 52 p, the 
average of 20 examples being 49-8 1. Within this membrane lies the secondary, 
granular layer. In some eggs a certain amount of vacuolisation is present, 
suggesting the possible lipoid nature of this entire mass. This layer is about 5 u 
in thickness and surrounds the embryo which is 20 in average diameter. 
The embryo, in turn, is surrounded by its own membrane and possesses three 
pairs of oncospheral hooks, each pair being arranged so as to form an angle 
of about 90 degrees with the other pairs (Fig. 1). The hooks are quite large, 
being 9 to 10 in length. 

The first intermediate hosts. The Entomostraca were placed in crystallising 
dishes and quantities of eggs were added. Periodic examinations were made 
of the various hosts. Several egg cultures were inoculated only with Copepods. 
Three species of these were present, Cyclops vulgaris (= C. viridis), Eucyclops 
agilis (= C. serrulatus) and Macrocyclops annulicornis (= C. albidus). Positive 
results were obtained with the first two species while no infection could be 
secured with M. annulicornis. This is interesting for the same two species, 
taken from the same locality and at the same time, were infected experimentally 
with P. ambloplitis (Hunter and Hunter, 1929). It would of course be im- 
possible to distinguish these two parasites during their early developmental 
stages in the Copepods, but as soon as sucker formation starts it would be 
relatively easy (Hunter, 1928). 
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Although actual ingestion of the eggs was not observed, it is evident that 
infection must have been passive; otherwise an operculate egg would have been 
present. This may be true of all members of the genus Proteocephalus since all 
the known forms possess this type of egg. Furthermore, it is evident that the 
eggs were not ingested immediately for no Copepods yielded larvae until the 
fourth day of the experiment; eggs were likewise recovered from the culture 
and in most cases the embryo was actively moving about within the outermost 
membrane, the secondary one having broken (Fig. 2). Since embryos were 
recovered this same day from the body cavity of both C. vulgaris and E. agilis 
(Fig. 3) it suggests the probability of this condition being normal. In such cases 
the actively moving parasite within the outermost hyaline membrane might 
actually attract the Copepod by its motion. Meggitt (1914) reports a similar 
breakdown of the secondary membrane in the eggs of P. filicollis. 

Access to the body cavity of the Copepod is probably attained by the use 
of the 6 oncospheral hooks. That this is their sole function is indicated by the 
loss of these hooks within a short time after the body cavity is reached. 
Contrary to what is reported by Janicki and Rosen (1917), Rosen (1918, 1919) 
and Essex (1928) no cercomer could be found. Instead, the hooks became loose 
(Fig. 4) and moved about the protoplasm. It is probable that they gradually 
work out as in the case of foreign material in the finger. A similar condition 
was noted for P. ambloplitis (Hunter, 1928; Hunter and Hunter, 1929). Meggitt 
(1914) reports the larval stages of P. filicollis but does not mention or figure 
the formation of a cercomer. Wagner (1917) also found no cercomer in 
P. torulosus. Kuczkowski (1925), however, found one in P. percae and Essex 
(1928 a) found a cercomer in both of his species of Corallobothrium. Clearly 
then there are two groups within this family, one which contains a cercomer 
and one which does not. Apparently there is an intergradation between these 
and the Bothriocephalid groups. 

About the fifth day of the experiments several embryos were recovered 
which showed a slightly darker area appearing in the centre of the developing 
procercoid larvae. When this first appeared, loosened oncospheral hooks were 
present (Fig. 4). On the sixth day the hooks had disappeared in all larvae 
recovered and the beginning of sucker formation could be faintly discerned 
(Fig. 5). At this stage a few of the so-called calcareous corpuscles were present. 
During the next 2 or 3 days (Fig. 6) the parasite grew longer, the calcareous 
corpuscles increased in size and in some cases in numbers, whilst in the 
posterior half of the body there appeared a mass of closely grouped cells. The 
nature of this structure is doubtful. Rosen (1918 and 1919) has described a 
similar group of cells in the procercoids of Diphyllobothrium latum, Triaeno- 
phorus nodulosus and Ligula simplicissima; he regards them as the rudimentary 
intestine of the Cestodes. Essex (1928) found a similar structure in the pro- 
cercoid of Bothriocephalus cuspidatus and suggests that it may be glandular. 
He points out that the structure may consist of unicellular glands having a 
similar function to those of the miracidia of Trematodes (Manter, 1926), an 
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hypothesis that would be logical except that such glands are concerned with 
the penetration of the second intermediate host. According to Essex (1928) 
B. cuspidatus probably does not have a second intermediate host; hence what 
is the function of such glands in this form? Why should the procercoid of 
P. pinguis have a similar structure when even though it may have a second 
intermediate host it does not penetrate to the body cavity, while P. ambloplitis, 
which must reach the body cavity of its second intermediate host, does not 
possess any indication of such glands? Therefore it appears evident that Essex’s 
suggestion does not fit the facts of the case. I agree with him, however, that 
the structure probably does not represent the remains of the digestive system. 
Furthermore, in his study of Corallobothrium, Essex does not find such a group 
of cells although the larva sometimes penetrates to the body cavity of a second 
intermediate host. Rosen’s hypothesis at least fits all of the facts which we 
have. 

In continuing with the description of this form it should be stated that 
except for a slight increase in length no other marked changes were encountered. 
The suckers never stood out distinctly in the first intermediate host, but first 
appeared as almost completely transparent areas outlined with a few radial 
fibrillae. Even during later development in the Cyclops these fibrillae did not 
show noticeably and the suckers were never invaginated in any of the hosts 
(Figs. 5, 6, 8). At the end of 2 weeks the larvae reached a maximum length of 
1-2 mm. and were recovered less frequently (Fig. 7), while after 3 weeks no 
infected Copepods could be recovered. In one culture infected Copepods had 
been examined and returned to the culture as it was positively known to 
contain at least six infected Copepods. The only explanation of this condition 
is that either the Copepods died or the procercoids disintegrated after a time. 
The former was impossible since a known number of Copepods was carried 
through this phase of the experimental work. The evidence points to a dis- 
integration of the larvae after reaching a stage of maximum development 
within the first host. 

In these experiments the following data on infection are available, based on 
two complete sets of experiments. Cyclops vulgaris and Eucyclops agilis gave 
81 and 50 per cent. infection respectively. Negative results were secured with 
Macrocyclops annulicornis and Daphnia pulex. The minimum and maximum 
number of procercoids recovered in C. vulgaris and E. agilis respectively was 
1 to 31 and 1 to 20. This is a much heavier infection than recorded for the 
procercoids of P. ambloplitis which infested the same species, and, so far as I 
am aware, constitutes the heaviest infection of the Copepods by Proteocephalid 
larvae. One hundred and seven C. vulgaris, 121 E. agilis and 75 M. annulicornis 
were used as controls and gave respectively 4-6, 3-3 per cent. and no infection 
with procercoids. It is evident that significant figures were secured experi- 
mentally. 

The second intermediate hosts. Exactly 15 and 12 days respectively after 
the experiments were initiated 9 P. flavescens 3-6 to 3-8 cm. long, 6 Notropis 
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atherinoides 3-4 to 3-9 cm. long and 1 N. hudsonius were added to a gallon 
aquarium containing infected Crustacea. The top was covered with bolting 
cloth and the jar placed in running water. The second lot were treated in a 
similar manner using 7 P. flavescens, 9 N. atherinoides, and 4 Eucalia inconstans 
(sticklebacks) and 3 N. hudsonius. Subsequent examination gave these results: 


No. No. No. 
Host examined parasitised parasites recovered Percentage 
Eucalia inconstans (Kirtland) 4 — — oe 
Perca flavescens Mitchill 6 6 2, 2, 4, 8, 8, 10 100 
Notropis atherinoides Raf. 8 4 2, 2,1, 4 50 
N. hudsonius (Clinton) 4 — — — 


There remained 10 P. flavescens and 4 N. atherinoides from the two experiments; 
later these were fed to various Esoz sp. 

Several days elapsed after the fish were added before examinations were 
started. The smallest plerocercoids recovered were 0-6 mm. in length; Fig. 8 
shows one recovered from the intestine of N. atherinoides 5 days after the fish 
were added. At this stage the mass of cells previously noted in the procercoids 
were still in evidence. The parasite was about 0-8 mm. in length and the five 
suckers were present although they still remained inactive. The number of 
calcareous granules had increased and they were arranged irregularly in four 
rows. There is little evidence of change compared with the form of the parasite 
found in the Copepod. Fig. 9 shows a somewhat similar larva recovered from 
P. flavescens 10 days after the second intermediate hosts were added. The 
outstanding change in the parasite within the second intermediate hosts lies in 
the disappearance of the mass of closely grouped cells and a slight increase in size. 

It was not possible to determine how long these hosts might retain the 
plerocercoid larvae of P. pinguis. Yellow perch from the Niagara river were 
kept in the laboratory for a week and many of these still carried this larval 
tapeworm in the lower intestine. Fifty per cent. infection with a five-suckered 
plerocercoid occurred in P. flavescens in an examination of 44 young forms; 
11-1 per cent. infection occurred with a Proteocephalid plerocercoid in routine 
examinations of 63 N. atherinoides, while three other minnows of the same 
species yielded Bothriocephalid forms, thus increasing the parasitisation by 
tapeworms to 15-8 percent. ; 11 N. hudsonius were examined and none harboured 
any tapeworms except Ligulinae, while 3 E. inconstans also were negative. The 
infection percentages of 100 per cent. for P. flavescens and 50 per cent. for 
N. atherinoides is significant, for that means an experimental infection of 50 
and 38-9 per cent. respectively for the yellow perch and emerald minnow. 
Neither N. hudsonius nor E. inconstans gave positive results. 

The definitive hosts. Unfortunately it was not possible to examine a great 
number of Esoz sp. as controls. However, 3 fish were kept for a considerable 
period before they were used for the experiments. Ten days after the perch and 
minnows were added to the Copepod culture the remaining 5 P. flavescens and 
1 N. atherinoides from the first experiment were placed in a larger aquarium 
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which contained 4 Esor sp. All of the small fish had disappeared, by the end of 
the third day; 2 Esox reticulatus died the same day. An examination of these 
was negative for parasites and fish remains, indicating that they had not eaten 
any of the experimental fish; therefore they need not be considered further. 
The next day 1 £. lucius died. This contained fish remains and in addition 
several adult P. pinguis, 10 large plerocercoid larvae 8 to 10 mm. in length and 
2 small plerocercoids just under 1 mm. in length. The latter clearly must have 
been secured very recently and may be considered as experimental parasites, 
since there were the remains of several small yellow perch in the lower intestine. 
The fourth fish, H. vermiculatus, was examined 10 days later and 3 young 
plerocercoid larvae of P. pinguis were recovered. The smallest was barely 
0-8 mm. in length and resembled rather closely the stage depicted in Fig. 9. 
This larva did not present a fully developed scolex, was larger, still very 
transparent and the main canals of the excretory system showed indistinctly. 
The largest was about 1-5 mm. in length and appeared at the stage of develop- 
ment shown in Fig. 10 (which represents the remaining plerocercoid recovered 
from the same host). A sagittal section of the scolex of the plerocercoid 1-5 mm. 
in length (Fig. 12) shows clearly the identity of this form with P. pinguis 
and the other plerocercoids found in routine examinations of the second 
intermediate and definitive hosts (cf. Fig. 11). 

The presence of P. pinguis in E. vermiculatus constitutes a new host record 
for this parasite. This form might be expected to carry the same tapeworms 
since the feeding habits of all the genus Esozx are very similar. The second 
experiment gave similar results, with only 2 E. lucius examined as controls 
and both giving negative results. The 5 P. flavescens and 3 N. atherinoides 
which remained were added to an aquarium which contained two pickerel 
(Z. lucius). These were examined 14 and 15 days later. The first was not 
parasitised and the second gave 4 plerocercoid larvae of P. pinguis, the 
largest measuring 4 mm. in length. In these the scolices were fairly well formed 
and slightly set off from the remainder of the body as in Fig. 10. The excretory 
system was more clearly defined and the larvae were all active. A summary of 
the experiments on the definitive hosts appears below. 


No. No. No. 
Host examined parasitised parasites recovered 
*H. reticulatus Le Sueur 2 oa — 
E. vermiculatus Le Sueur 1 1 3 
E. lucius Linnaeus 3 2 2,4 


* The parasites died on the day the infected second intermediate hosts were eaten; they did not 
contain any fish remains in the alimentary canal so may be discounted and not included with the 
experimentally infected fish. 


DISCUSSION. 


The plerocercoid larvae recovered during the course of the experiments 
from HE. lucius were as large or larger than the smallest taken from this species 
during routine examinations (cf. Figs. 10-12). This affords evidence of the 
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completion of the life-cycle, for the parasite has been carried from the egg to 
the definitive host and has in addition been raised to a more fully developed 
stage than the smallest larva heretofore encountered in routine examinations 
of the definitive host. In my opinion two methods of infection may be possible. 
The first would be direct and would occur when the fish first started to feed 
upon the various Entomostraca after leaving the nest. An example of this type 
of infection lay in the young E. lucius only 11-5 cm. in length which harboured 
adult P. pinguis. The following year it is possible that reinfection occurs 
through its piscivorous habits. Evidence for this is obtained from the 3 adult 
E. lucius which all harboured plerocercoids of the tapeworm ranging between 
0-4 and 2-6 mm. in length. In such cases a second intermediate host would 
play its part. We have conclusive experimental evidence that either P. flave- 
scens or N. atherinoides may serve in this capacity; indeed, it is possible that 
further experimental work will reveal that several other fish may also serve to 
convey the parasite to its definitive host. The fact that the plerocercoid larvae 
of this parasite were found in the lower part of the digestive tract of the yellow 
perch in nature suggests that this is far from a normal host for the species. And 
in this connection it is interesting that adult perch did not harbour the plero- 
cercoids of P. pinguis; this points to the probability that the pH and other 
environmental conditions changed during the development of this form so that 
the larvae were no longer able to maintain themselves in the intestines of the 
perch. 

In closing, a summary of the first intermediate hosts of the Proteocepha- 
lidae which have been experimentally determined is given. The synonymy is 
here brought up to date. 


Parasite First intermediate host Authority 
Proteocephalus filicollis Eucyclops agilis (Koch) Meggitt, 1914 
P. torulosus Diaptomus castor (Jurine) Wagner, 1917 
Cyclops strenuus Fischer 
P. percae Eucyclops agilis (Koch) Kuczkowski, 1925 
Cyclops strenuus Fischer 
Mesocyclops oithonoides Sars 
P. longicollis Eucyclops agilis (Koch) Kuczkowski, 1925 
Cyclops strenuus Fischer 
P. ambloplitis Eucyclops prasinus (Fischer) Hunter, 1928 
Macrocyclops annulicornie (Koch) 
Eucyclops agilis (Koch) Hunter and Hunter, 1929 
Cyclops vulgaris Koch (in press) 
P. pinguis Eucyclops agilis (Koch) Hunter, the present paper 
Cyclops vulgaris Koch 
Corallobothrium giganteum Eucyclops agilis (Koch) Essex, 1928 a 
Eucyclops prasinus (Fischer) 
C. fimbriatum Eucyclops agilis (Koch) Essex, 1928 a 


Eucyclops prasinus (Fischer) 
Cyclops bicuspidatus Claus 
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It will be noted from the accompanying table that Z. agilis functions as a 
first intermediate host in 6 of the 7 species while C. strenuus and E. prasinus 
each appear three times. In addition, C. strenuus occurs as one of the first 
intermediate hosts of all the Bothriocephalids so far reported while EZ. agilis is 
only found once in this group. This may prove to be of some significance as 
Essex (1928 a) suggested. 

The table points to the probability that every species of the Proteocepha- 
lidae will use some member of the Copepoda as a first intermediate host. When 
we consider the 5 Bothriocephalids, the early stages of whose life-history have 
been experimentally worked out, we find additional records of the Copepoda 
serving as first intermediate hosts. Further studies may reveal that this group 
plays as essential a part as the first intermediate host amongst the tapeworms 
of fresh-water fish as snails do amongst the Trematodes. 
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EXPLANATION OF FIGURES. 
Proteocephalus pinguis La Rue 1911. 
The scales beside Figs. 1, 2, 3, 4 = 0-02 mm., those to Figs. 5, 6 = 0-05 mm., those to Figs. 7-12 = 
0-2 mm. 
Fig. 1. Egg of Proteocephalus pinguis. 
Fig. 2. Same showing bursting of secondary membrane; recovered from culture 4th day of 
experiment. 
Fig. 3. One of 14 larvae recovered from Eucyclops agilis; 4th day of experiment. 
Fig. 4. One of 3 procercoid larvae recovered from Cyclops vulgaris; 5th day of experiment. 
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Fig. 
Fig. 
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Fig. 


5. Procercoid larva recovered from Z£. agilis; 4th and 6th day of experiment. 

6. One of 3 procercoid larvae recovered from C. vulgaris; 8th day of experiment. 

7. Outline drawing of infected C. vulgaris showing 5 larvae fully developed; 13th day of 
experiment. : 

8. One of 2 larvae recovered from intestine of Notropis atherinoides 5 days after second 
intermediate hosts were added; 20th day of experiment. 

9. Plerocercoid larvae recovered from Perca flavescens 10 days after second intermediate 
hosts were added; 25th day of experiment. 

10. One of 3 plerocercoid larvae recovered in the upper intestine of Zsox vermiculatus 14 days 
after infinitive hosts were added; 39th day of experiment. 

11. Composite drawing of three sagittal sections showing two of the regular and the fifth 
suckers. Scolex of one of youngest plerocercoids recovered in routine examinations of Z. 
lucius. 

12. Sagittal section through scolex of plerocercoid larva from the intestine of HZ. lucius; 
41st day of experiment. 


(MS. received for publication, 18. v. 1929; proof returned 30. x. 1929.—Ed.) 
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